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Professor S. Chaksavarit. 
Member, Planning Commission and 
Chairman, Fuel Policy Committee. 


Planning Commission, 
New Dclhi. 
August 22, 1974. 


Dear Shri Malaviya, 

The Fuel Policy Committee has aurfioriSed me to sumbit to you this Report 
dealing with the policy issues in regard'tb'fuels, covering the period upto 1990- 
91. You may recall that Part I of the Report (Fuel Policy for the Seventies), 
submitted to the Government on May 16. 1972, dealt with the Fifth Five Year 
Plaa period only. Subsequent to the submission of Part I of the Report, there 
have been several changes' in the economic situation within the country and in 
the international situation in regard to the supply and price of oil. The perspec¬ 
tive of growth of the economy outlined in the earlier Government documents 
has been changed to some extent ih the Draft Fifth Five Year Plan. The Com¬ 
mittee had, therefore, to re-examine several of its previous conclusions and revise 
its recommendations appropriately. The present Report is based on a compre¬ 
hensive re-examination of all issues , and should be taken as the final Report of 
the Committee and not as a jsequel to Part I. 

2; In order to properly plan for meeting the energy demand, it is essential 
that we assess and forecast the future demand as accurately as possible. Ihe 
fhet that sectors producing energy in primary or secondary forms involve very 
long gestation periods exUnidifig over 5 to 10 years or even longer imkes it 
imperative that we project demand over a 15 to 20 year period for evolving 
an amHopriate ener^ production plan. <in the nature of the case, such a fore- 
caM mvolves that a number of assumptions be made about the rate and pattern 
of growth of the economy, the taohnology of energy production and energy utili- 
eadon and about possible directional changes in consumer preferences. While 
in regard to the rate and pattern of economic growth the Committee was guided 
by the perspective growth of the economy given in the Draft Fifth Five Year 
nan, in regard to other factors, the Committee had to make its own judgement 
based on the study of the pa.st trends in our country, information relating to 
^mihirly plaoed countries and from various published materials regarding possi¬ 
ble techn^ogicaT shifts in future. 

3. The Committee has given several demand forecasts for different forms 
of fuek. which t take into account feasiUe iater-fuel substitution possibilities even 
when'the aggregate energy requirement may remain constant. The projection 
of aggregate energy requirements as. well as those pertaining to specific fuel 
forms mmut be ju^d as dimensional hypotheses rather than as rigid numbers. 
The main thrust of the Report and of the deliberations of the Committee has 
been to evolve an appropriate policy mix for the energy sectors for the period 
fV^to '1990-91. We are of the opinion that our policy conciusions are likely to 
remain iavariant with respect, to a fairly wide range of alternative growth rates, 
even though specific numerical projections may need to be kept u^er constant 
review. 

4. In . forecasting energy consumption in terms of different fuel forms, it is 
necessary to take into account possible shifts in technology in different sectors 
of the economy, as well as in tfie relative costs of different fuels over time. While 
subihrttia^ Part I of the Fuel Policy'Committee Report in May 1972, we drew 
the attention of the Government to fte fact that crude oil .prices which were once 
predicted to come down significailtly had in fact hardened a great deal during 
the early seventies. Ill view of the. desire of the oil exporting countries to make 
the most out of their exhausting assets, it was anticipated that the prices would 
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further harden unless major new discoveries come up and possibilities of substi¬ 
tuting oil by other fuels materialise on a subetantial scale. We noted that while 
there ate definite indications in this direction, they were DOtdikely to be decisive 
in the seventies. As there were strong reasons to believe that energy would pose 
a serious problem from the balance of payments angle if certain hard decisions 
were not adopted at the right time, we argued that the maxiipurn effeinive utili¬ 
sation of domestic energy resources should form a basic desideratum in design¬ 
ing a national fuel policy. On this basis the Committee suggested various means 
for substituting coal for oil in areas where on techno-economic grounds substi¬ 
tution was justifiable. 

5. These recennmendations were kept in view in preparing the Draft Fifth 
Five Year Plan. The Draft Fifth Five Year Plan indicates a directional change 
in the pattern of utilisation of different fuel resources, by cconOifiicaHy accept¬ 
able curbs on the rate of growth of oil consumption while plaiuiing for expand¬ 
ed production of coal amd electric power. 

6. The dramatic inaease in the price of oil in October 1973'niade it im¬ 
perative that we re-examine our earlier studies. Studies done by,the Fuel ^Ijfy 
Committee in the middle of 1973 on the substitution of opal for oil in different 
sectors of the economy were made on the assumption that the price of op would 
be around $5 per barrel by the end of the seventies. This was in keepihg with 
the projections made by noted international authorities with the exception of 
Professor Adelman. who went to the extent of predicting a fall in prices. If is 
clear from Adelman's recent study that if the rules of the ^ine in the wond 
oil industry conformed to standard economic criteria as discussed in standard 
tex books, his conclusions could be defended without violence to th>ta. But it is 
a major act of abstraction and a somewhat unwarranted one to assume that 
the oil industry could be treated in isolation from a< whote set of socio-political 
factors. The present energy crisis arises out of a ve^ sudden increase < ia .the 
price of oil products to levels which were not predicted in anyt study by,any 
county. The movement of oil prices in the international maritet itself is an in¬ 
teresting study. Given the dizzy hei^ua to which oil prices have soared today, 
there is a common tendency to lose si^t of a certain perspective. Oil represents 
one commodity whose price went down steadily over.a period of 15-years. For 
example the market price of light Arabian crude was $ 1.93 per barrel in 1955 
and it was $ 1.30 per barrel in 1970. Even in January 1973^ it was stUl lower 
than the 1955 price. But from then on. it has increased today to over $ 11 per 
barrel within a period of 24 months. The price upto October IS. 1973. was around 
$ 3 per barrel (^y. Can this movement in prices be expla^d by a sudden spvrt 
of demand or a sudden fall in production? At this stage, it la extremely hazard¬ 
ous to make any guesses in this resp^ since the problem, as mentioned pre¬ 
viously. possesses important characteristics which are not purely economic in 
nature. 

7. While the direction of the chan^ in the energy substitution policies sug¬ 
gested in Part I of the Report is invariant to the likely changes in the price of 
oil products, the pace of inter-fuel substitution has to be determined wto refer¬ 
ence to the relative price of fuels. At prices of $ 12 per barrel df oil delivered 
at Indian ports we find that all the uses of oil except those in the transport sec¬ 
tor can be substituted for by indigenous fuel, namely, coal or coal-based energy 
forms. For example, in the household sector the use of kerosene fot lighting 
can be replaced by electricity. The use of kerosene for cooking can be replaced 
by coal gas in the case of densely populated urban areas and soft coke fn small 
towns and some rural areas. In industry for all heating requirements coal be¬ 
comes the preferred fuel. For lifting water, electricity b^omes more advantageous 
relative to diesel oil. In the case of transport, the tnovement qf bulk commodi¬ 
ties over long distances by rail becomes preferable to,road movement even if 
the expected volume of traffic is low. But it will not be realistic to assume that 
oil prices will continue at the present level upto 1990-91 as possibilities of pro¬ 
ducing oil at a very low cost ranging from 15 Cents a barrel to $4 a bapjcl are 
available in a large number of countries in the world, giyen the, time to expjpre 
for oil and develop the oil fields. It would, therefore, appear that while di^fc- 
tionally oil will have to be replaced by other fuel forms, which are more abun¬ 
dant in this country, we have to be extremely careful regarding the type and 
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extent of substitution that we adopt, especially those involving very major in¬ 
vestment outlays. 

8. Given ibe uncertainty regarding the level of oil prices in the future, the 
areas and extent of substitution of oil by coal will have to be limited to those 
options whose worthwbileness remaip; largely unaltered for any probable varia- 
tiqn in prices. We believe that the r^oihmendations of. the Committee contain, 
ed in this Report satisfy this critcjofltn. The pace of inter-fuel substitution recom¬ 
mended by the Committee is based on our judgement regarding the gestation 
periods involved in converting oil using facilities tor those using alternate fuels 
to satisfy the substitution requirements and the organisational constraints in 
effecting the inter-fuel shifts. The recommendations made arc mostly invariant 
to possible changes in the oil price and are feasible of implementation if they 
are iinplemented as a whole, 'taking note of their inter dependence. The directions 
in whicb a coherent fuel policy should move are cleaner now than ever before 
and it will not be prudent to delay the implementation of any of tbcM recommea- 
datioos, if they arc otherwise acceptable, in the hone of nossible changes in 
the supply and price of oil. 

9. Our analysis contained in the Rc|iOit establishes beyond any reasonable 
doubt that coal should be considered the. primary source of energy to the coun¬ 
try. The coal resources 'of India, imspiuj of the quality being poor and their un¬ 
evenness In geographical dispersal reiircsent the "most valuable and reliable 
source of energy^ ^6' thi‘ economy. In order that this potential advantage is fully 
exploited several actions are urgently called' (or. While the primary knowledge 
about our coal resources is adequate, detailed 'infqhhation on the nature of the 
deposits is inadequate apd thii'Is proving to a hindrance to expanding coal 
production (^aietjy. The arrangements for the transportation of coal have proved 
to be very much short of our needs and unless ah intcgtat^ plan for production 
and its transport arc drawn up and synchronised investrofc'nts are made in coal 
and trahsport sectors, there is likely to be severe strains on the energy sector. 
While several suggestions such as pit head generation 'of power and production 
of fertilizer in the in^st of coal, firids, have been made th- economize on coal 
transport, there ^11 atill be .litrge demand for coal in'places away from the centres 
of coal production. Transportation by rail by mcreasirtg quantities of coal will 
he unavoidal^ upto the end of the period considered in the Report. It is. there¬ 
fore. necessary to examine the techniques and procedures of coal transport and 
devise ways which will,enable the tnugsportation of adequate quantities in the 
moat economic manner. .Coal mining methods which will' lead to extraction of 
a larger share ,of coal ia the ground than what is being done now will have to 
be devised. The methods of benefkiating coal to improve the quaUty and facili¬ 
tate their economic utilization wiiJ have to.be devised.. In viewjof the importance 
of Qoal in the energy plans of the cquntey. we- have given.very detailed consi¬ 
deration to the issues connected with coal production, transport aad utilisation 
and a large number of recommendations have bcoo’ made' in these areas. 

10. Our oil resources as known tfWay are very inSuBicient to meet our 
needs. But there arc some indications th^i we may find,more.of oil and natural 
gas particularly the latter. Every effort should be ma^c to step up such produc- 
tfoD, on shore as well as off shore ,and appropriate surveys .in advance using 
geophysical and other sensihg devices s^iould be undertaken—the policies out¬ 
lined for reducing fhe rates of growth of oil consunjl^on in future may not 
r^uire any major revisions. Even Wq(htrics which arc endowed with abundant 
oil reserves like Iran are canvassing..the view that oil-should be used as mw 
material for high'value chemicals instead of being burnt as mere fuel. The use 
of Oil for any purpose in tljc coun^ will have to, be decided in future with 
ittfdrence to the price at which we ran get alternative ifncis to be used in place 
of 611. It is. theriiforc. important that the policy measures suggested in the Re¬ 
port for reduction of the use of oil in several sectors should be given urgent 
attention. The extent to wfiich ^hc q-se.pf oil could be reduced was examined 
by the Comjjytlce carefully. The, sugge^ons made arc based on the consensus 
regarding the extent to wfoich sUCh ,rcduction8 are feasible. They are based to 
some extent on the subjectiyc judgement of the members of the Committee, re¬ 
garding the .orgaiUsatioqal and tecfii^lbgical improveuMnts that can be achieved 
within the appropriate time span to bring about reduction in the use of oil in 
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sectors which have become accustomed to the use of convenient fuel. If we are 
faced with more severe balance of payments difficulties in future, it may become 
necessary to force the pace of substitution of oil by other fuels to rates higher 
than those indicated in this Report. The specific estitnates given in the Report 
should be treated as “noripal” estimates based on the assumption that the over¬ 
all rate of growth in the wonomy is going to be according to anticipation con¬ 
tained here. In the short-run. special measures may, therefore, need to be adopt¬ 
ed to tide over exceptionally (hfficult situations. 

11. The Committee has endeavoured to iote^te the policies regarding iuel 
and supply of feedstock for fertilizers as fertilizer production will be a very 
important activity calling for the use of material which could be used as fuel. 
Wdr are convinced that in future at the relative price of coal and .oil assumed 
in our studies coal should be the primary feedst^ for fertilizers in the coun 
try. Oil refineries will always have some residual heavy-end products which 
cc^d be used as a;,feedstodk. It is also felt that a greater useioi secoBdarpi^o- 
cessing to convert the heavy-ead fractions in a refinery: to higher value light pro¬ 
ducts will be more rational for us. 

12. We have erred on the side of caution in assessing electricity demand 
as a shortage of electridty will be difficult to remedy by any short term reme¬ 
dial measures. However, in translating the power requirements into capacity 
for power generation to be created, the Committee has ^ried to , include in its 
calculations a factor reflecting increased efficiency in the operation of jpower 
generation and.,transmission systems. Electricity is a highly capital-intensive 
source of energy. A country like ^ours with a serious shortage ;pf capital can ill 
afford to neglect the possibulities of capital saving that may be available in,,the 
I»wer sector. Taking note of the relative merits of different methods of genera¬ 
tion the Committee has suggested that more attention should ^ pula/ to hydel 
jwwer generation, in the Sixth Five Year Plan and that.mn^ear powejt, genera¬ 
tion based on thoriUm-plutonium cycle should be introdweed at ksust in the 
Seventh Five Year Plan. 

13. The supply of fuels to the domestic sector in oyr country presents a 
number of special problems. The percentage of non-commercial fufels used* in 
the dothestic sector though large is slowly getting reduced, (it will be about 
80 per cent in 1978-79 and 60 per cent in 1990-91). Our calculation show (hat 
the quantity of non-commercial fuels used which has' been increasing gradually 
over time, will reach a peak during the early years of the Siklb Five Year Plan 
and will decrease slowing from tiilen on. But the magnitude of firfeWood used 
will continue to be so large compared to the availability of the resources that 
there is likely to be serious repercussions in regard to the conservation of forests 
and the consequential ecological problems. Informed judgement suggests that the 
extraction of about 120 million tonnes of fuels from forests as of today is much 
beyond the; level of fuels that could be extracted without serious impairment to 
our f« 08 t wealth. This' fact and the divergence between social and private costs 
of using forests fuels underline the need to take-up measures for supply of in¬ 
creased quantities of commercial fuels at appropriate prices to 

tibhs of the rural community and for increasing the avaslability ,of mewoo^ by 
taking up well-conceived S!?hcmes of low cost afforest^on. Though the fenqfits 
of using cowdung as a manure are well-rccogniscd mday, increasing quantities 
of dung are being used as a domestic fuel. Oobar Gas Plants provi^ a mrans 
of exploiting the fuel as well as the plant nutrient potential of dung and there¬ 
fore. deserve greater attention. Though the total fluantitatiyc comributipn of gojtor 
gas plants to the fuel needs of the domestic sector, even on very optimisti^x- 
pectatidns, is likely to he limited, the contribution of gobar gas plants tp Qth®^ 
social benefits like .hutriffPt production and pollution. abatement have protmaed 
the Committee to strdngly recommend an intensified campaign, to populanse the 
use of gobar gas. 

14. The problem of enprgy supply to rural as well as urban areas has im 
plications for ecology and environmental pollution. Duta rcjatiM to pollution 
costs and cost of pollution nontrpl arp. as yet, meagre m Inic Conunittee 
could, therefore, make no specific redommoidations in this rpgard. But it is our 
hope that as and when the problems of pollution become ^siguificaut In any mea or 
industry, the specific issues will be examined and appropriate measures, takem 



15. We have analysed the possibilities of deriving energy from non-conven- 
tional sources like geo-thermal energy, tidal power, solar power, etc. It is felt 
that the likely contribution of energy from these sources will be insignificant 
during the period covered by this Report. 

16. It is well known that there is a growing imbalance between the resource 
base of our economy and the drift of modem technological developments in the 
energy sector as observed so far. The international research and development 
efforts until recently were directed towards improving the methods of utilisation 
of fuels and feedstock which were in short supply in the country. Inspite of the 
new thrust in research and development towards the use of coal and other fuels 
it is necessary that we should ourselves undertake research and development 
effort, which would enable a more rational use of our resources. A technology 
plan has. therefore, been suggested in this Report. 

17. The Committee has been fully conscious of the fact that energy is one 
of the several inputs required to ensure the desired rate of economic growth. 
The availability of energy is a necessary but not a sufficient condition to sus¬ 
tained economic growth. Economic growth can be achieved only when the avail¬ 
ability of energy is matched by adequate supply of other inputs. A meaningful 
energy plant in the economy should be an intergal part of the national plan re¬ 
flecting fully its objectives and strategies. The Committee has endeavoured to 
draw up the recommendations for a coherent energy policy which it consider^ 
to be in consonance with the objectives and policies of the government. We 
have suggested certain organisational arrangements like the setting up of Energy 
Board which will ensure the integration of energy plan with the national plan 
not only at the stage of drafting these plans but at every stage of their imple¬ 
mentations. 

18. The Committee is conscious of the fact that our recommendations are 
fairly numerous and amongst themselves cover a very, wide range of issues. This 
is of course only natural since the problems pertaining to energy sector are in¬ 
evitably complex and are often interdependent. We would, therefore, request 
that our recommendations should be viewed in a coordinated manner. If they 
are found acceptable, we hope that necessary actions in these areas will be ini¬ 
tiated and pursued with utmost expedition. 

19. I would like to take this opportunity of expressing my gratitude to 
members of the Committee who not merely tendered very valuable suggestions 
in their own areas of specialization but throughout the deliberations kept in view 
the overall implications of formulating an appropriate energy policy on conso¬ 
nance with our fundamental objectives and constraints. The Committee through¬ 
out received very valuable assistance from the Secretariat. I would, however, 
like to place on record my deep appreciation of the work done by Shri T. L. 
Sankar, Secretary of the Committee, who brought to bear on the problems his 
comprehensive grasp of the empirical and analytical aspects of the issues dealt 
with in the Report and thus contributed in a very substantial measure to the 
formulation and completion of this Report. 

With kind regards. 


Yours sincerely 


Shri K. D. Malaviya, 
Minister of Steel & Mines, 
New Deehi. 


(S. CHAKRAVARTY) 
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CHAPTER I 

INTRODUCTION 


The Fuel Policy Committee was appointed by 
the Government of India in the Resolution No. 
CM3(ll)/70 dated the 12th October. W^ot 
the Ministry of Petroleum and Chemicals and 
Mines and Metals (Department of Mines and 
Metals) with terms of reference as follows :~ 

(a) Undertake a survey of fuel resources 
and the regional pattern of their 
distribution; 

(b) Study the present trends in exploitation 
and use of fuels: 

(c) Estimate perspective of demand by sec¬ 
tors (in particular the transport, in¬ 
dustry. power generation industry and 
domestic fuel) and by regions; 

(d) Study the efficiency in the use of fuel 
and recommend; — 

(i) the outline of a national fuel policy 
for the next fifteen years; 

(ii) a pattern of consumption and 
measures, fiscal and otherwise, which 
would help the best use of available 
resources; and 

(iii) the measures and agencies, to pro¬ 
mote the optimum efficiency in use 
of fuel. 

1.2. The following were appointed to be 
members of the Committee ;— 

1. Shri R. Venkataraman, Member (In¬ 
dustry), Planning Commission—Chair¬ 
man. 

2. Shri M. Dutta Chaudhury, Professor 
of Transport Economics, Delhi School 
of Economics, Delhi—Member. 

3. Vice-Chairman, Central Water & 

Power Commission, New Delhi— 

Member, 

4. Dr. M, G. Krishna, Director. Indian 
Institute of Petroleum, Dehradun— 
Member. 

$. Dr- A. Lahiri, Director. Central Fuel 
Research Institute, Dhanbad—^Member. 

6. Shri R. Lall. Managing Director. Ben¬ 
gal Coal Company Limited, Calcutta— 
Member. 

7. Shri B. S. Negi, Member (Exploration), 
Oil. and Natural Gas Commission. 
Dehradun—Member- 

L/ P (D) IdOMofEnergy —% 


8 . Dr. Kirit Parikh. Director. Programme 
Analysis Group Atomic Energy Com¬ 
mission, Bombay—Member. 

9. Dr. B. Ramamurti (Statistician), for¬ 
merly of ECAFE—Member. 

10. Shri K. Vaidyanath, Additional Mem¬ 
ber (Technical), Railway Board, New 
Delhi—Member. 

11. Shri Rasiklal Worah, President, Indian 
Colliery Owners’ Association, Dhan¬ 
bad—^Member. 

Shri T. L. Sankar was appointed as the 
Secretary of the Committee. All the Members 
of the Committee were part-time and not paid 
any remuneration for the Committee’s wor^. 

Shri R. Venkataraman resigned the Chairman¬ 
ship of the Committee and in his place Prof. S. 
Chakravarty, Member. Planning Commission, 
was appointed as the Chairman (vide Resolu¬ 
tion No. a-13(ll)/70 dated 27-7-1971). 

Dr B. Ramamurti resigned on grounds of ill- 
healtb. 

Dr Kirit Parikh left the Atomic Energy Com¬ 
mission and rejoined the Indian Statistical Insti¬ 
tute. He, however, continued to be a Member 
of the Committee. Shri V. N. Meckoni was 
appointed as Member of the Committee to 
represent the Department of Atomic Energy. 
As Shri Vaidyanath, Additional . Member 
(Mechanical), Railway Board, was transferred 
frpm Delhi, Shri H. M. Chatterjee, Member 
(Mech. Engg.), Railway Board, was nominated 
in his place. After Shri H. M. Chatterjee retired, 
Shri N. N. Tandon, Member (Mech. Engg.). 
Railway Board, took his place. After the 
nationalisation of coal mines in May 1973. Shri 
R. G. Mahendru, Managing Director, Central 
Division, Coal Mines Authority, was appointed 
a Member (vide Resolution No. CI-13(ll)/70 
dated 31-1-1973). After Shri A K Ghosh retired 
from the post of Vice Chairman, Shri N. Tata 
Rao, Member (Thermal) Central Water and 
Power Commission, was associated with the 
Committee. Shri M. Dutta Chaudhary left the 
country to take a foreign assignment in May 
1973 and did not attend any meeting thereafter. 
Dr. A. Lahiri who took active part in all the 
meetings of the Committee prior to the last 
meeting to consider the final draft of the Report 
could not attend this meeting as he went abroad 
on an assignment in April, 1974. Shri B. S. Ne^ 
retired from the ONGC in April 1974, 
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1.3. At its meeting on 25-11-1970, the Com¬ 
mittee had set up four Working Groups to study 
different aspects of the fuel policy such as 

(i) Energy consumption in the past and 
estimates of future demands for fuel; 

(ii) Trends in the relationship between the 
level of fuel consumption and the levels 
of different economic activities; 

(iii) Relative costs of different fuels; 

(iv) Factors influencing the selection of 
particular fuels and probable trends in 
fuel consumption taldng note of tech¬ 
nological shifts industry-wise; 

(v) Designing an Analytical framework. 

The different Working Groups were assisted 
in, their work by the Secretariat of the Fuel 
Policy Committee consisting of the Secretary 
and Under Secretary (whose services were often 
available only part-time due to their being 
drafted for other Government work), 4 Senior 
Research Officers, 8 Investigators/Assistants. 3 
Clerks and 3 Stenographers. The staff of the 
Secretariat was augmented through the part-time 
association of the two Consultants for some time. 
In addition, the Committee received help on 
specific points from the different Divisions of 
the Planning Commission and from officers of 
the National Committee on Science and Tech¬ 
nology, Department of Mines and Indian Insti¬ 
tute of Petroleum. 

1.4. The Committee was originally required to 
submit its Report within 12 months but due to 
delays in obtaining staff for the Committee’s 
work and in the appointment of a Chairman 
after the resignation of Shri R. Venkatraman. 
the Committee could start its work in earnest 
only in the latter half of 1971. Since it was felt 
that the Committee’s studies would take time 
and investment decisions had to be taken 
urgently by the Government with regard to the 
Fi^ Plan programme in the energy sector, a 
quick study was made of the “Fuel Policy for 
the Seventies" and Part I of the Committee’s 
Report covering the period upto 1978-79 was 
submitted to Government in May 1972. The 
studies made in that Report were based on the 
perspective plan for 1978-79 incorporated in the 
Fourth Five Year Plan. Part I of the Committee’s 
Report has to be viewed with reference to these 
targets of economic and industrial growth. This 
Report was considered by the various Depart¬ 
ments^ of the Government concerned in framing 
the Fifth Five Year Plan proposals. 

1.5. It was realised by the middle of 1972-73 
that there will be substantial slippages in achieve¬ 
ment of Fourth Plan targets and that the pers¬ 
pective for the Fifth Plan envisaged earlier 
would have to be revised. The Committee, 
therefore, felt that any studies by it in isolation 


from the Fifth Plan targets would not be reli¬ 
able and decided to wait for the Draft Fifth 
Plan to be. finalised by the Government. The 
finalisation took place in November, 1973. 

In the meantime, in order to effect economy 
in expenditure, the Committee’s staff strength 
was gradually reduced and by 31-8-1973, the 
whole Secretariat staff had been disbanded. 
The work was thereafter carried out part time 
by some of the officers who were earlier in the 
Secretariat of the Committee but were working 
full time as officers of the Project Appraisal 
Division of the Planning Commission and the 
Department of Mines. The first drafts of the 
different chapters and the Committee’s Report 
were got ready by the middle of 1973 and were 
considered by the Committee at its meeting 
held in June. 1973 and July, 1973, Before these 
drafts could be revised in the light of the discus¬ 
sions at the Committee’s meetings there was 
significant development in the international oil 
situation as a consequence of the Middle East 
'conflict in October, 1973. Subsequently, in 
December, 1973, a further steep increase in oil 
prices took place as a result of which the esti¬ 
mates regarding the demand for oil products 
and the policy to be followed with regard to 
their use had to be revised. The Final Report 
of the Committee has taken note of the deve¬ 
lopments in the oil producing countries and 
their impact in so far as the Fuel Policy of 
India is concerned and has attempted to suggest 
a pattern of fuel consumption for the future. 

1.6. The Fuel Policy Committee held in all 
14 meetings including the first meeting at which 
the various tasks before the Committee were 
analysed, 4 meetings for finalising Part I of the 
Report and 9 meetings, for considering the 
Final Report. 

1.7. The studies made by the Committee 
included inter-alia the following main topics, 
viz. 

(a) Trends in the consumption of different 
fuels state-wise, industry-wise, its rela¬ 
tionship with various economic indi¬ 
cators like national income, industrial 
production etc. 

(b) The projection of total demand for 
energy and for the different fuels both 
commercial and non-commercial till 
1990-91. 

(c) Assessment of the different fuel resources 
available in the country including 
energy sources which are yet to be 
exploited and extent of their avail¬ 
ability. 

(d) Regional distribution of energy con¬ 
sumption. 

(e) Cost of transport of energy in different 
fuel forms and by different modes of 
transport. 
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(f) Relative cost of railway traction. 

(g) Cost of production of different fuels. 

(h) Relative economics of transporting 
coal and transmission of energy. 

1.8. The optimisation studies made by the 
Committee included a model which would enable 
consideration of all the factors simultaneously 
in working out the levels of supply of different 
fuels which would minimise the total economics 
of meeting the demand for fuel and fertilizer. 
A system study to determine the optimal level 
of nuclear power generation was carried out. 
Another specific study made by the Committee 
at the request of the Department of Mines was 
regarding the economics of expanding the power 
station at Neyveli involving the opening of a 
second mine cut vis-a-vis transporting of coal 
from Singareni to power station near Madras. 

1.9. As mentioned earlier the Committee had 
a very small Secretariat which functioned effec¬ 
tively for about two years only. The expenditure 
was kept at minimum by taking up most of the 
computation work with the help of computer. 
The expenditure incurred by the Fuel Policy 
Committee was as follows;— 

Bg. 

1. Committee’s staff .. 2,18,415’00 

2. Travelling allowance 

to members .. 13,253.00 

3. Computer hire charges .. 58,636.00 

4. Coiisultancy charges .. 10,000.00 

Total .. 3,00,304.00 
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CHAPTER H 

TRENDS IN ENERGY CONSUMPTION 


Commercial and non-commercial energy sources 

2.1. The most important fact about the energy 
situation in India is that nearly half of the total 
energy consumed in the country comes from 
non-commercial sources. The bulk of the non¬ 
commercial supplies is consumed in rural areas 
and is obtained from vegetable waste products, 
firewood, and cowdung each of which has better 

I alternative uses from the national point of view. 
In addition, mechanical energy derived from 
animal power and manpower used for drawing 
water and ploughing is also used in significant 
quantity. No records of the quantum of such 
utilisation are available. It is, however, doubt¬ 
less that the share of non-commercial energy in 
the total energy consumption has been declin¬ 
ing over the past two decades. 

2.2. A careful analysis of the trends in 
consumption of energy in the last two decades 
would provide a good basis for forecasting the 
energy requirements of the future. As the data 
on the consumption of non-commercial energy 
has not been compiled in a systematic manner 
annually, it has to be computed from certain 
norms of consumption calculated for different 
years. We shall start with a detailed analysis of 
the commercial energy consumption and reserve 
the analysis of non-commercial energy consump¬ 
tion to the end. 

Primary and Secondary forms of Energy 

2.3. Commercial energy can be divided into 
two forms, primary and secondary. The primary 
forms of energy are those which are used in the 
form in which they are available in nature, 
while secondary forms of energy are produced 
by transformation of the primary forms. In 
India primary form of energy is provided 
principally by coal and petroleum products 
while electricity generated from coal or oil is 
the principal secondary form of energy. Other 
forms of primary energy like solar energy and 
geo-thermal ■ energy have no practical significance 
at present. A part of electricity is also to be 
treated as a primary source in-as-much as its 
production is based on the use of materials 
which are not themselves fuels. Hydro electricity 
and nuclear electricity could therefore be consi¬ 
dered as primary energy sources. Hydro elec¬ 
tricity forms an important component of total 
electric energy consumed in India, while nuclear 
electricity is only a small contributory sector 
so far. Tlie secondary form of energy is princi¬ 
pally electricity generated by the use of coal. 


The oil based electricity generation is quantita¬ 
tively insignificant. Gas derived from coal or 
oil is also considered as secondary form of 
energy. For analysing trends in energy consump¬ 
tion, it is found useful to concentrate on three 
major categories of energy sources—coal, oil 
and electricity, An analysis of electricity with 
respect to different sources of its production is 
also necessary and this has been dealt with in 
Chapter IX. 

Common unit of measurement of raergy 

2.4. For purposes of aggregating the quantities 
of energy obtained from different energy sources 
it is necessary to adopt a common unit of 
measurement. Different countries and different 
agencies have been adopting different common 
units. Coal equivalent tonne is the most com¬ 
monly used aggregate measure in various inter¬ 
national studies. With the emergence of oil as 
the major source of energy in developed coun¬ 
tries, oil equivalent tonne is being adopted as 
a common unit in some developed countries. But 
the United Nations is still using coal equivalent 
tonne as the unit of measure in the statistics 
compiled for all countries. Coal equivalent tonne 
expresses the heat content (kilo calories) of each 
fuel in terms of the heat content of an average 
tonne of indigenous coal. The calorific value of 
Indian coal varies from 6700 kcal/kg in the case 
of selected A & B Grade coal to around 4000 
kcal/kg for upgraded coal. We have used 
throughout the study, 5000 kcal/kg as the aver¬ 
age heat content of Indian coal. As the thermal 
'/alue of oil products is about 10,0(X) kcal/kg. 
one tonne of oil is expressed as 2 coal equivalent 
tonnes in this measure. 

2-5. The Energy Survey Committee* which 
made the first serious attempt to study the trends 
in energy consumption had adopted the coal 
replacement tonne as the common measure. The 
justification was that the coal replacement tonne 
gives the amount of coal that would have been 
needed in the economy if no other source of 
energy were available. This measure takes^ note 
of not only the quantity of heat value available 
in the different fuels used but also of the vary¬ 
ing efficiency in the appliances employed-^ In 
other words, the coal replacement measure indi¬ 
cates the amount of coal that would be needed 
to substitute the other fuels taking account of 
the efficiencies involved in typical cases of sub¬ 
stitution. For example, while the use of one tonne 
of fuel oil for raising heat in industries can be 
substituted by the use of two tonnes of coal, the 
use of one tonne of high speed diesel oil in tw 


♦The report of the BnerTy, Survey of India Oommittee, Gpyerninent of India, 1965- 

4 
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Railways for the same haulage would require 9 
tonnes of coal. One tonne of fuel oil will, there¬ 
fore, be measured as two coal replacement 
tonnes, while one tonne of HSDO will be measur¬ 
ed as 9 coal replacement tonnes. The other 
method used is to express all the beat value in 
different fuels in kilo-calories. As the efficiency 
of the use of coal in different sectors/industries 
increases over time, the coal replacement ratios 
should be revised from time to time. In the 
power sector, for example, the coal replacement 
ratio will change rapidly over time as a result 
of the increased efficiency of the boilers used in 
the modem power plants. But if we change the 
replacement ratios over time to allow for the 
increased efficiency of use, the figures in different 
periods of commercial energy consumption may 
not be strictly comparable. Therefore, the coal 
replacement term in this Report is used only for 
purposes of giving a common measurement for 
convenience of aggregation and should not be 
taken as indicating the coal required for replacing 
a unit of any particular fuel at any given point 
of time. Such substitution needs in terms of coal 
will have to be worked out with reference to the 
sector where substitution is to be attempted and 
the time at which such substitution will take 
place. It should be noted that while adopting 
other aggregate measures like coal equivalent or 
kilo calorie, for measuring the hydel and nuclear 
power in terms of the common units of measure¬ 
ment. some consideration of the efficiency of the 
use of coal or oil in power stations becomes un¬ 
avoidable. All the available measures for aggrega¬ 
tion of energy have this limitation. No one 
measurement is inherently superior to any other 
and the choice between different measures will 
depend on the purposes for which such aggrega¬ 
tion of energy consumption is made. For inter¬ 
national comparisons it is essential that the 
measurement should be in coal equivalent terms. 

2.6. The Committee has, therefore, given the 
trends of consumption in coal equivalent terms 
also. However, as the coal replacement toime has 
been used in this country for a number of years 
and as the various agencies and institutions deal¬ 
ing with energy in India are familiar with this 
measure, all the discussions in this Report are 
based on coal replacement tonne. The coal 
replacement measures used for different energy 
sources and diffejent products of oil are the same 
as used in the Energy Survey Committee Report. 
(See Technical Note 11(1)). However, as different 
products of oil have widely different coal replace¬ 
ment values and as the pattern of use of oil 
products in the energy sector is changing, the 
Committee considered it necessary to use the 
conversion factors of the different oil products 
separately instead of using the weighted average 
factor that was adopted in the Energy Survey 
Committee. The rates of conversion of different 
measures of energy in their regional units to coal 
equivalent and coal replacement terms are set 
out in Table 2-1. 


Table 2.1 

Coal Replacement and Equivalents of Different 
Fuels 

- --- ^ ^^- - 

Fuels Unit Coal eq- Coal 

uivalent replacement 
inm. in m. tonnei 
tonnes mtor 
mtoe 


Coal (Coaking 6640 koal/ 
kg; non-coking coal used 
in steam generation 5000 


kcal/kg) 

1 mt 

1-0 

1-0 

Hard Coke 

1 mt 

1-3 

1-3 

Soft Coke 

1 mt 

1'6 

1-6 

Firewood (4760 koal/Kg) 

1 mt 

0-96 

0-96 

Charcoal ((5900 kcal/Kg) 1 mt 

Oil Prodvotit {10,0(X) kcal/Kg.) 

10 

10 

Black products, (i. e. Fuel 

Oil, Furnace Oil, Rofi- 

nery Fuel, LSH8, HHS) 

1 mt 

20 

2-0 

Kerosene & LPG 

1 mt 

20 

8-3 

HSDO & LDO 

1 mt 

2-0 

9-0 

Motor Spirit & Jet Fuel 

1 mt 

2'0 

7-6 

Natural Gas (9000 

kcal/Kg) .1 

lU*iri“ 

1-8 

3-6 

Electricity 

10*kWh 

1-0 

1-0 


Total commercial energy consumption 

2.7. The consumption of commercial energy 
during the period 1953-54 to 1970-71 is shown 
fuelwise in original units and in million tonnes 
of coal equivalent and coal replacement units in 
Table 2.2. 

Table 2.2 

Consumptiofi of Commercied Energy in *Jri)^ia 


year 

Coal 

(million 

tonnes) 

Oil 

(million 

tonnes) 

Eleotri- Tota 

city (bi- commercial 
llion energy 

kWh) 


A. In original vnils 



1963.64 

28-7 

3-6 

7-6 


1960-61 

40-4 

6-7 

16-9 


1966-66 

61-8 

9-9 

30-6 


1970-71 

61'3 

16<0 

48-7 

. . 

B. fn million tonnes of coal equivalent 


1953-64 

28-7' 

7-2 

7-6 

43-6 

1960-61 

40-4 

I3'6 

16-9 

70-8 

1965-66 

51-8 

19-9 

30-6 

102-3 

1970-71 

61-3 

29-9 

48-7 

129-9 

C. In million tonnes of coal replacement 


1963-64 

28-7 

23-8 

7-6 

60-1 

1960-61 

40-4 

43-9 

16-9 

101-2 

1966.66 

61-8 

64-6 

, 30-6 

147-0 

1970-71 

61-3 

97-2 

48-7 

197-2 

Notes :— 


(i) Details for all the years are given in Annext Table 
11 ( 1 ) 

(»i) Figures of consumption of coal do not include coal 
used for'poVer generation. 

(iti) Oil consumption does not include refinery losses 
and refinery boiler fuel. 

(is) The figures of consumption of oil do not include 
non-energy products such as Lubes and Greases, 
Bitumen, Naphtha, Petroleum Coke etc. The 
consumption of such products was as folloirs : 
1963-54 Not available 

1960-61 0-6 million tonne 

1965-66 1 ■ 0 million toime 

1970-71 S'6 million tonires 
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The average annual' rate of increase in the 
consumption of commercial energy over the period 
1953-54 to 1970-71 was 7.2 per cent. The 
analysis of the growth in sub-periods shows in¬ 
teresting variations. During the period 1953-54 
to 1960-61 the average annual rate of growth of 
commercial energy consumption was 7.7 per cent 
between 1960-61 and 1965-66, it was 7.6 per cent; 
but in 1965-66 to 1970-71 it was only 6.1 per 
cent. 

Fuel-wise consumption 

2.8. The percentage shares of different fuels 
have changed considerably in the last two 
decades. Table 2.3 sets out the shares of different 
fuels in the total commercial energy consumption 
in selected years; 


the different sub-periods of the three principal 
sources of energy are given in Table 2.4. 

Table 2.4 

Rate of Growth of Commercial Energy 
Consumption: 1953-54 to 1970-71 and during 
Sub-periods 


Average annual rate of growth of 
consumption of 


Period 

Coal 

Oil 

(energy 

products 

only) 

Electri¬ 

city 

Total 

com¬ 

mercial 

energy 

ies3-64 to mo-ei 

5-0 

91 

13-1 

7-7 

1960-61 to 1066-66 

61 

8-0 

12'6 

7-8 

1966-66 to 1970-71 

.. (-) 0-3 

8-6 

9-7 

61 

1963-64 to 1970-71 

3-6 

8-6 

11-6 

7-2 


Table 2.3 

Percentage Share of Different Fuels in Commer 
cial Energy Consumption 


Sector 

1963.64 

1960-61 

1965-66 

1970-71 

A. In coal replacement terms 




Coal Direct nee) 

47-8 

39-9 

36-2 

26-0 

Oil (Direct use) 

39-6 

43-4 

44-0 

49-3 

Bleotricity .. 

12-6 

16-7 

20-8 

24-7 

All fuels 

100-0 

100-0 

100-0 

100-0 



B, In coal equivalent terme 


Coal (Direct Use) 

65'8 

67-1 

60-7 

39-6 

Oil (Direct use) 

16-8 

19-0 

19-4 

.23-0 

Electricity 

17-4 

23-9 

20-9 

37-6 

All fuels 

100-0 

100-0 

1000 

1000 


The above table shows that the share of coal 
steadily decreased while the shares of electricity 
and oil have increased consistently between 1953- 
54 and 1970-71. The changes in the relative 
shares of fuels were more rapid during the second 
half of the Sixties than in the earlier period. 

2.9. An analysis of the trends, fuel-wise, indi¬ 
cates that over the period 1953-54 to 1070-71 the 
average percentage rate of growth of coal con¬ 
sumption has been the lowest at 3.5 per cent 
per annum while that of electricity has been the 
highest at 11.5 per cent per annum and that of 
oil consumption has been at 8.6 per cent per 
BTiniim ITie details of the rates of growth during 


Sector-wise consumption of commercial energy 

2.10. The major sectors of consumption of 
energy may be divided into the following five, 
namely: (i) Mining and Manufacturing (ii) Trans¬ 
port (iii) Domestic (iv) Agriculture and (v) Gov¬ 
ernment, Commercial and Others. The consump¬ 
tion of commercial energy in the different sectors 
for selected years from 1953-54 to 1970-71 is 
given in Table 2.5. 

Table 2 5 


Sector-wise Consumption of Commercial Energy 

(In million tonnes) 


Sector 

1963- 

64 

1960. 

61 

1966- 

66 

1970- 

71 

A. In coal replacement terms 
Mining and Manufacturing 22-4 

39-7 

60-8 

76-3 

Transport .. 

(37-3) 

21-6 

(39-2) 

34-2 

(41.^ 

49-7 

(38-7) 

64-6 

Agriculture 

(36-8) 

1-8 

(33-8) 

3-6 

(33-8) 

6-3 

(32-7) 

9-1 

Domestic .. 

(3-0) 

12-7 

(3-6) 

20-8 

(4-3) 

26-6 

(4-6) 

36-6 

Government Commercial 

(2-0) 

1-7 

(20-6) 

2-9 

(18-0) 

3-7 

18-0) 

11-8 

& Others 

(2-8) 

(2-9) 

(2-6) 

(6-0) 

All Sectors .. 

60-1 

101-2 

147 0 

197-2 


(100) 

(100) 

(100) 

(100) 


B—In coal equivalent terms 
Mining and Manufactur- 


ing 

10-9 

34-7 

66-2 

68-8 

(46-7) 

(49-^) 

(64-0) 

(63-0) 

Transport 

16-4 

22-1 

28-1 

31-9 

(36-3) 

(31-2) 

(27-6) 

(24-6) 

Agriculture .. 

0-7 

1-7 

3-2 

6-9 

(1-6) 

(2-4) 

(3-2) 

(4-6) 

Domestic 

6-9 

9-4 

12-6 

16-4 

Government Commer- 

(13-6) 

(13-3) 

{12-3) 

(12-6) 

cial & Others 

1-7 

2-9 

3-1 

6-9 


(3-9) 

(4-1) 

(3-0) 

(6-3) 

All Sectors .. 

43-6 

70-8 

102-2 

129-9 


(100) 

(100) 

(100) 

(100) 


Note: Figures in bracketa represent sectoral consumption as a 
percentage of total commercial energy consumption 
during the year. 
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2 .11. In coal replacement terms the biggest 
chunk of commercial energy produced goes to 
the mining and manufacturing sector. The next 
largest share goes to the transport sector which 
alongwith the mining and manufacturing sector 
accounts for over 70 per cent of the total com¬ 
mercial energy consumption in the country. Over 
the period 1953-54 to 1965-66, the mining and 
manufacturing sector had been slowly increasing 
its share in the total commercial energy consump¬ 
tion with a slight set back thereafter while the 
transport share has been slowly decreasing over 
time. The share of domestic sector has also been 
decreasing while the share of the other two sec¬ 
tors has been increasing gradually. 


oil took a major share from coal; while he per¬ 
centage share of electricity did not change 
appreciably. In the domestic sector, electricity 
has gained at the expense of coal; while ' the 
percentage contribution of oil remained almost 
stationary. Table 2.7 sets out the sector-wise 
consumption of commercial energy in quantities 
and percentages. 

Table 2.7 

Sector-wise Consumption of Commercial Energy 
{in meter and percentages) 


Rates of growfli of commercial energy consnmp- 
tion in diflerent sectors 

2,12. The average aimual rates of growth of 
energy consumption over the period 1953-54 to 
1970-71 in the different sectors were examined. 
The rate of growth has been 7-5 per cent in the 
mining and manufacturing sector while it has been 
6.6 per cent in the transport sector. 6.2 per cent 
in the domestic sector and 9.9 per cent in the 
agriculture sector. However, a sub-period analysis 
shows that the trends of growth of commercial 
energy consumption in each sector has been 
varying in the different periods. The results of 
the analysis are set out in Table 2.6. 

Table 2.6 


Sector-wise Rate of Growth of Commercial 
Energy Consumption during Different Periods* 



Average annual rate of growth of 
commercial energy (% P.A.) during 


1963. 

64 to 
1970- 
71 

1963. 

64 to 
1900- 
01 

1960- 
61 to 
1966- 
66 

1966- 
66 to 
1970- 
71 

Mining ft Manufacturing 

7-6 

8-5 

8-9 

4-6 

Transport 

0-9 

6-9 

7-8 

6-4 

DomMtio .. .. 

0-2 

7-3 

4-9 

60 

Agiicnltnre .. 

9-9 

10-0 

12-2 

7-6 

Oovemment Commer- 
•ial ft Othflit 

12-1 

7-9 

49 

26-2 

AU Seeton ,. 

7-2 

7-7 

7*0 

01 


*C»IoilIated with refereaoe to Coal replacement term*. 


Iketox-wise Fuel-wise trends of consumption of 
commercial energy 

2.13. The percentage share of coal for all the 
Sectors has declined over the last two decades, 
tn mining and manufacturing sector, the percent¬ 
age share of electricity has increased at a very 
rapid rate; while that of coal and oil declined— 
the former at a faster rate. In transport sector, 


Years 


Sector and Fuel 

1953-64 

1970-71 



(in 

mter) 

(in % 
age) 

(in 

mter) 

(>n% 

age) 

Miwng and MaMifaclw- 
ing .. .. 22-46 

100-00 

76-32 

100-00 

Coal* 


13-8 

61-47 

31-07 

40-71 

out 

. . 

3-66 

16-26 

10-90 

14-28 

Electricity 

•• 

6-0 

22-27 

34-35 

46-01 

Transport 

. . 

.. 21-46 

100-00 

64-67 

100-00 

Coal* 

• • 

.. 12-10 

66-38 

16-91 

24-64 

Oilt 

• • 

8-76 

40-82 

47-23 

73-16 

Electricity 


0-60 

2-80 

1-43 

2-21 

ZJomesh'e 


.. 12-69 

100-00 

36-48 

100-00 

Coal* 

. . 

2-20 

17-34 

4-07 

11-47 

oat 

, ♦ 

9-79 

77-16 

27-68 

77-73 

Electricity 


0-70 

6-61 

3-86 

10-80 

Agrieattnn 

* » 

1-81 

100-00 

9-06 

100-00 

Coal* 

• • 

— 

— 

— 

— 

oat 


1-61 

88-96 

4-61 

49-83 

Bleotrioity 

♦ , 

... 0-20 

11-06 

4-54 

60-17 


Oavernment, Commer- 
dal and Others 

1-70 

100-00 

11-77 

100-00 

Coal* 

0-60 

36-29 

0-30 

2-66 

oat 

__ 

. — 

6-97 

69-22 

Elootrioity .. 

1-10 

64-71 

4-50 

38-23 


♦Bxoulalve of coal need for power generation. 
■fOil products uaed for energy purposes only. 





2.14. the pei'ccfttage riite of growth of different 
fuels used in the different sectors are summarised 
in Table 2.8. 

Table 2.8 


Sector-wise Growth of Consumption of Different 
Fuels during Different Periods 


Sector and Fuel 

Average annual rate of growth of 
consumption during 

1963- 

64 

to 

1970- 

71 

1963- 

64 

to 

1960- 

61 

1960- 

61 

to 

1906- 

66 

1966- 

66 

to 

1970- 

71 

Mining and Mamfactu- 
ring Sector 





Coal 

4-9 

61 

7-6 

0-0 

Oil 

6-0 

10-3 

2-3 

61 

Electricity .. 

120 

12-8 

14-3 

8-7 

Transport Sector 





Coal 

1-0 

4-1 

1-0 ( 

--)l-7 

Oil 

10-4 

10-3 

12-6 

8-6 

Electricity .. 

6-2 

4-2 

7-7 

4-3 

Domestic Sector 





Coal 

3-7 

3-6 

7-9 ( 

--)0-l 

Oil 

6-3 

7-8 

3-9 

0-6 

Electricity .. 

10-6 

11-6 

9-6 

10-2 

Agriculture Sector 





Coal 





oa 

6-3 

7-9 

10-0 

0-4 

Eleotricily .. 

20-2 

21-9 

18-8 

19-2 


Note : Beudual sector ocmprising of Government Comm¬ 
ercial and Others has not been included in the above 
table. 


ConsDmptioii of Non-cottunercial energy 

215. Besides commercial energy, large quan¬ 
tities of non-commercial energy, namely, forest 
fuels, cowdung and vegetable waste, are used in 
India. A substantial quantity of energy is 
also contributed by animate energy by bullocks, 
camels etc. for drawing water or for carrying 
goods, A certain amount of wind-power is also 
used by country boats playing in the inland and 
coastal waters. There is no estimate of animate 
energy and wind-power consumed in the country. 
The nature of their uses made it difficult to 
make any reliable computation of their contribu¬ 
tion to the total energy supply. However, some 
estimates have been made of the contribution 
to energy supply by firewood, cowdung and 


vegetable waste. As most of tkese quantities are 
not purchased but gathered free of cost from 
forests and grazing grounds, no record of their 
usage is kept. Field surveys to assess the extent 
of quantities used also proved to be unreliable 
as the vast majority of rural population who 
use these quantities have no sense of proper 
measurement and the subjective assessment of 
the quantities used lead the field survey to 
divergent results. (See Chapter X for a detailed 
discussion). 

2.16. The estimate of non-commercial energy 
in this Chapter is based on the assumptions 
that the per capita consumption of energy in 
the domestic sector is 0.38 coal replacement 
tonne per year and 0.40 coal replacement tonne 
per year in the urban areas. Based on the esti¬ 
mates of rural and urban population for each 
year, the total energy consumed in the domestic 
sector is calculated and the commercial energy 
consumed in the domestic sector (as given in 
Annexure 11(1)) is deducted to arrive at the 
total non-commercial energy consumed in this 
sector. The shares of firewood, vegetable waste 
and cowdung. calculated on the basis of a 
survey are 65 per cent, 15 per cent and 20 per 
cent respectively. We have adopted these for 
our purpose. The results are set out in Table 2.9. 

Table 2.9 

Consumption of Non Commercial Energy in the 
Sector 


Domestic (Mtor) 


Year 

Total 

non- 

c^'mmercial 

energy 

Firewood Cowdung Vegetable 
waste 

1960-61 

147-67 

95-99 

22-15 

29-63 

1961-62 

149-64 

97-27 

22-44 

29-93 

1962-63 

151-38 

98-40 

22-70 

30-28 

1963-64 

166 22 

101-64 

23-43 

31-26 

1964-66 

168-12 

102-78 

23-72 

31-62 

1966-66 

163-43 

106-23 

24-51 

32-69 

1966-67 

166-92 

108-50 

25-04 

33-38 

1967-08 

170 87 

111-07 

25-63 

34-17 

1968-69 

173-24 

112-61 

26-99 

34-64 

1969-70 ■ 

176-76 

114-24, 

26-37 

86-16 

1970-71 

179-41 

116-62 

26-91 

36-88 


2.17. The total commercial energy and fioijf 
commercial energy used in the Indian economy 
during the period 1960 to 1970 in terms of the 
primary fuels used/coal inclusive of coal for 
power generation, oil and electricity produced 
from hydel and nuclear sources and non¬ 
commercial energy are summari^d in Table 2.10 
and 2.11 in original units and in coal replace¬ 
ment measures respectively. 







Ta6l£ 2.10 

Consumption of Commercial and Non-Commer¬ 
cial Energy (Original Units) from 1960-61 to 
1970-71. 


Year . 

Coal 

in 

mt* 

Oil in’ Hydel 
in and 

mt** Nuclear 
in b. kWh* 

Fire¬ 
wood in 
mt 

Cow- 
dung in 
mt 

Vege-, 
tablej 
waste 
in mt 

1960-61 

47-1 

6-76 

6-67 

101-04 

66-38 

31-08 

1961-62 

47-4 

7*46 

8-23 

102-39 

66-10 

31-61 

1962-63 

67-1 

8-39 

9-83 

103-68 

66-76 

31-87 

1963-64 

68-4 

8-64 

11-66 

106-88 

58-67 

32-89 

1964-66 

58-7 

9-29 

12-42 

108-19 

59-30 

33-28 

1965-66 

64-2 

9-94 

12-74 

111-82 

61-28 

34-41 

1966-67 

86'3 

10-63 

13-86 

114-21 

62-60 

36-14 

1967-68 

69-2 

11-28 

16-64 

116-92 

64-07 

36-97 

1968-69 

68-4 

12-66 

17-96 

118-64 

64-98 

36-46 

1969-70 

76-7 

13-86 

19-41 

120-26 

65-92 

37-00 

1970-71 

71-1 

14-96 

22-09 

122-76 

67-28 

37-77 


♦Coal used for power generation. 

♦♦Exclusive of oil products used in no-energy sector. 

Table 2.11 

Consumption of Commercial and Non-commer¬ 
cial Energy from 1960-61 to 1970-71 


Econdinic Factors attecting energy cAnsoiiigdon 

2.18. Since energy is consumed in tlie process 
of production of goods and services, one would 
expect that the consumption of energy in the 
past would have a close relationship with the 
overall growth of the economy as represented 
by the change in national income. As a major 
portion of the energy consumption in India goes 
into the Mining and Manufacturing and Trans¬ 
port sectors (the level of activity of the latter in 
turn being greatly dependent on production in 
the mining and manufacturing sector), one would 
also expect a fairly close relationship between 
the total energy consumption and the index of 
industrial production or. alternatively, with the 
income derived from the mining and manufac¬ 
turing sector. Further, increase in population 
would lead directly to increase in consumption 
in the domestic sector. The degree of urbs^sa- 
tion would also affect the consumption of com¬ 
mercial energy in the domestic sector. The other 
factors that affect the levels of consumption of 
energy in different sectors are the increasing 
levels of mechanisation and standards of com¬ 
forts on the one hand and the improving 
efficiency in the fuel utilisation on the other. 
The shift in consumption from one fuel to 
another would be affected by the relative prices 
and relative availability of the fuels. With our 
present state of knowledge, it is not possible to 
arrive at very meaningful conclusions with 
respect to the influence exercised in overall 
energy consumption by the latter set of compli¬ 
cating factors. To give a rough idea of the move¬ 
ment of different factors, the indices of national 
income, population growth and income from 
mining and manufacturing sector are set out in 
Table 2.12 alongwith the indices of consump¬ 
tion of commercial energy over time. 


Year 

Total 

commer- 

oial 

energy 

Firewood Cow- Vege- 
dung table 
waste 

Total 

non* 

commer¬ 

cial 

energy 

Total 

energy 

1960-61 

101-16 

96-99 22-16 29-53 

147-671 248-83 

1961-62 

111-98 

97-27 22-44 29-93 

149-64 

261-62 

1962-63 

126-20 

98-40 22-70 30-28 

161-38 

277-68 

1963-64 

130-02 

101-64 23-43 31-26 

166-22 

286-24 

1964-66 

136-47 

102-78 23-72 31-62 

168-12 

294-59 

1966-66 

146-97 

106-23 24-61 32-69 

163-43 

310-40 

1966-67 

164-68 

108-60 26-04 33-38 

166-62 

321-60 

1967-68 

164-61 

111-07 26-63 34-17 

170-87 

336-48 

1968-69 

176-73 

112-61 23-99 34-64 

173-24 

349-97 

1969-70 

191-74 

114-24 26-37 35-15 

176-76 

367-60 

1970-71 

197-19 

116-62 26-91 36-88 

179-41 

376-60 


Table 2.12 


Indices of Energy Consumption and Selected Economic Indices 



1960-61 

1961-62 

1966-66 

1966-67 

1967-68 

1968-69 

1969-70 

1970-71 

1. Net National Products 
(1960-61=100).. 

100-0 

103-4 

113-6 

114-7 

126-0 

. 129-2 

136-2 

142-0 

2. Industrial Production 
(1960-61 = 100) 

101-7 

111-2 

160-3 

162-8 

153-6 

163-6 

176-1 

181-6 

.3, NDP in mining & mfg. 

100-0 

109-0 

139-0 

140-0 

143-0 

1490 

167-0 

160-0 

4. Population 
(1960-61=100) ' 

100-0 

102-1 

111 3 

113-8 

116-3 

118-9 

121-6 

124-3 


6. Total commercial energy consump¬ 
tion (excluding,.Domestic Sector 
consumption) in coal replacement 
term*. 


(1960-61=100).. 

6. Total energy consumption inclu¬ 
ding non-commercial energy in coal 
replacement terms. 

100-0 

110-8 

160-0 

157-9 

169-3 

181-1 

196-5 

201-3 

(1960-61=100) 

100-0 

106-1 

124-7 

129-2 

134-8 

140-6 

147-7 

161-2 


SoKBOE ! (1) Economic Survey—1973-74, Government of India. 

(3) Calculated from Monttily Statistjoe of Industrial Production, CSO. 

(3) CSO—Estimates of National Product. 

(4) Indices constructed with reference to population figures in 1961 and 1971. Population in intermediate years has 
been projected by suitable interpolation. 
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2.19. A study of the movctneitt of the differeat 
indices indicates that the movements of indices 
of national income and the indices of total 
energy consumption (including noncommercial 
energy) is very closely correlated, while the 
indices of total commercial energy consumption 
(excluding domestic sectoral consumption) move 
very closely with the indices of income from 
mining and manufacturing sector. The Energy 
Survey Committee had concluded on the basis 
of the data relating to the year 1953-54 to 1961- 
62 that tiiere was close correlation between the 
growth in the indices of national income and 
total energy consumption as well as between the 
indices of industrial production and total com¬ 
mercial energy consumption. The observations 
relating to the period 1960-61 to 1970-71 reveal 
that such correlation still continues; the move¬ 
ment of indices of industrial production is not 
closely correlated to the movement of total 
commercial energy consumption; but the index 
of income 'derived from mining and manufac¬ 
turing sector is more closely correlated to com¬ 
mercial energy consumption. The rate of growth 
in consumption of total energy as well as com¬ 
mercial energy was lower during the second half 
of the Sixties on account of the significantly 
lower rate of growth of industrial production 
during the period. Industrial production increased 
at the rate of 8.1 per cent during the first half 
of the Sixties but decreased to 3.9 per cent in 
rile second half. The indices of industrial pro¬ 
duction include mining and major part of the 
manufacturing sector covered by the Factories 
Act, 1948; but excludes from its purview pro¬ 
duction from establishments below the factory 
level. Besides the usual limitations attaching to 
the indices of industrial production, the index 


that is currently used (namely, 1960=100) doeS 
not seem to adequately reflect the pattern and 
growth of the sector during the latter years of 
the decade of the Sixties due to structural shifts 
within the sector. Normally, the estimate of in¬ 
come from the mining and manufacturing sector 
IS not considered a very safe explanatory vari¬ 
able as it includes income from small-scale 
establishments which are computed from scanty 
data. However, for the purposes of explaining 
energy consumption, the index of income from 
mining and manufacturing sector appears to be 
a more appropriate one. 

Regression analysis 

2.20. The'statistical regression of energy con¬ 
sumption (global as well as sectoral) on the 
activity levels of the economy as a whole and 
on the sectoral level was attempted. It was 
found that there was significant correlation bet¬ 
ween total commercial energy and national in¬ 
come as well as total commercial energy and 
income from mining and manufacturing sectors 
and index of industrial production. The regres¬ 
sion models are set out in Technical Note II (2) 
appended. Regression of total commercial energy 
on nationarincome gives an r^ of 0.975 indica¬ 
ting that a high proportion of the total variation 
in energy consumption is explained by national 
income. The index of industrial production 
seems to be the best explanatory variable since 
r’ is the highest and the standard error is the 
lowest, but there seems to be auto-correlatioQ. 
As national income as an explanatory variable 
avoids the need to make assumptions regarding 
sectoral growth rates, it has been used for pro¬ 
jecting the future demand for commercial energy. 



CHAPTER HI 


FORECAST OF ENERGY DEMAND 


3.1. The level of demand for energy in future 
would be determined mainly by the pace of 
economic growth. Factors like changes in inter¬ 
sectoral growth rates, efficiencies in the use of 
energy in different sectors and the shifts in 
usage due to improvements in technology ot due 
to new technologies within various sectors of 
the economy would also affect the level of 
energy demand to some extent. The inherent 
unpredictability in the latter factors makes the 
task of forecasting energy demand a hazardous 
one. While this is so, the long gestation’" involved 
in the energy industries makes it imperative 
that reasonably reliable predictions of long¬ 
term energy demand have to be attempted, if 
adequate arrangements are to be made to ensure 
that the required quantity of energy is available. 
This explains the enormous efforts made in 
almost all developed countries to periodically 
forecast long run energy demand. 

3.2. Energy demand can be forecast either by 
an extra-polation of the past trends in energy 
consumption, or by using regression models 
which correlate the past levels of energy consum- 
tion with the past levels of economic activity 
or by adopting an “end-use” approach where 
the energy consumption norms for various cate¬ 
gories of consumption are determined and the 
likely demand for each consumer category in 
future is computed with reference to the level 
of activity in each consuming sector consistent 
with the assumption regarding the overall rate 
of growth. Afl the three methods have been 
used by the Fuel Policy Committee in arriving 
at a reasonable forecast of energy demand for 
the period upto 1990-91. 

Trend method 

3.3. The trend method provides a reliable 
means of forecasting energy demand only in the 
case of developed market economies which are 
in the stage of stable growth. In developing 
economies where the rates of growth are deter¬ 
mined by planning apparatus with a view to 
bringing about structural changes in the eco¬ 
nomy, the past levels of energy consumption 
cannot provide a basis for determining the future 
levels of demand for energy. In India, at certain 
times in the past, the rates of growth of con¬ 
sumption of different fuels were constrained by 
transport availability or the availability of fuels. 
This implies yet another limitation on the use 
of the trend method for forecasting energy 
demand. 


3.4. As indicated in Chapter II. the rate of 
consumption of total commercial energy in 
Indie increased by 7.8 per cent per annum, 
during 1960-61 to 196S-66 whereas it declined 
to 6.1 per cent per annum during 1965-66 to 
1970-71. During the same sub-periods, electricity 
consumption changed from an average growth 
rate of 12.6 per cent per year in the first sub¬ 
period to 9.3 per cent per annum in the second 
sub-period; in the case of coal, the rate of 
growth of consumption changed from 5 per cent 
per annum to (minus) — 0.2 per cent per annum. 
The part trends like these cannot provide a 
basis for forecasting energy demand in future 
years. 

Regression method 

3.5. In the Indian context regression method 
which makes use of the observed past relation¬ 
ship between the rate of consumption of energy 
and other indices of economic growth appears 
to be a reliable guide to determined the future 
rates of growth and ^ttem of consumption of 
energy. In Chapter II. a survey has been made 
of itbe regression models which were studied by 
the Committee. Though some of the more elabo¬ 
rate multiple regression models are marginally 
superior in explaining the past data of consump¬ 
tion, these have been discarded for purposes of 
forecasting as the Committee felt that there are 
no reliable way.s of accurately projecting the 
various explanatory variables used in these 
raedols. A simple regression model which ex¬ 
plains the relationship between energy consump¬ 
tion and national income appears to be. on the 
whole, more useful as a tool for forecasting 
energy demand from this one'index alone would 
meter about the future level of economic activity 
is the desired rate of growth of national income. 
Committee felt that an attempt to derive the 
energy demand from this one index alon would 
have greater acceptability. The Chapter on the 
perspective of growth of the Indian economy 
given in the Draft Fifth Five Year Plan sets out 
the desired rate of growth of national income 
for the period beyond the Fifth Plan at 6 per 
cent per annum. The Committee took this as 
exogenously stipulated and derived the con¬ 
sumption requirements of different fuels and 
total commercial energy from this by using 
regression models. 

3.6. The regression models used for this pur¬ 
pose are indicated in Chapter 'll. It may be 
recalled that the regression equations relating to 


*Almost all eijergy industries have gestation over 4 years; a coal mine or an oil field takes about 4-0 years for its oonstruotion 
development,! a thermal plant about 4-5 years, nuclear plant 5-7 years and hydel power station 6-10 years. 

U 



dered to be valid and statistically significant. 


Consumption of total comraerci&I energy to 
national Income as well as equations which 
relate the consumption of coal, oil and elcctri? 3.7. The results of these estimates are given in 
city specifically to national income were consi- Table 3.1. 

Table 3.1 


Estimate of Demand for Fuels and Total Commercial Energy (1978-79, 1983-84 and 1990-91). 

(Eegression Method) Fig in meter 


Year 


OoftI 

(Excluding 
for power 
generailon) 

Oil 

(Excluding 

non-energy 

uses) 

Electricity 

-P—---- “ 

Total commercial energy as 
estimated by 




Summatation 
Cols. 2, 3, 4 

Correclation 
with N. 1. 

1 


2 

.3 

4 

6 


1970-71 (Actual) .. 

• - . . 

61*36 

97-19 

48-65 

197-19 

197 20 

1078-79 

. . 

96-76 

178-58 

97*19 

371-62 

373-00 

1983-84 

. 

130*68 

261*07 

146*73 

537-48 

637*39 

1990-91 

. 

200*29 

425-46 

242-46 

868-20 

871-90 


These estimales have been used by the Com¬ 
mittee as a check on the estimates obtained by 
other methods. 

End-use method 

3.8. In an economy where the rate of growth 
and the levels of production of different sectors 
are computed by central planning agencies with¬ 
in an elaborate system of plan calculations it 
would be more efficient , to obtain total energy 
demand by employing an end-use method based 
on information relating to norms of energy 
consumption in physical units. This end-use 
method sometimes referred to as the “Method 
of Norms” has been used in many countries for 
forecasting fuel demands. 

3.9. The norms for energy consumption have 
been calculated with reference to past data and 
some adjustments have been made to allow for 
possible shifts in technology and higher levels 
of eMciency in the use of fuels. The end-use 
method estimation was done by determining the 
levels of production in as detailed a manner as 
^sible of the various consumer classes within 
each sector of the economy. The results are 
presented in two steps. The first estimates were 
made in the middle of 1973 based on the follow¬ 
ing assumptions:— 

(a) that the factors which determined the 
past trend in the level and pattern of 
fuel usage will continue to operate in 
future in the same manner; 

(b) that the relative prices of fuel will 
continue to be the same in future as 
in the past; 

(c) that the technology shifts would follow 
the same trends al in the past. 


We have now made some modifications in 
the norms of usage of different fuels in different 
industries on account of the anticipated fuel 
efficiency or shifts in the technology. It was 
also assumed that the trends in the use of fuel 
oil for heat raising in the industrial sector would 
be more in line with the trends observed in 
periods when there was no severe coal shortage. 
In other words, the large increases in the use 
of fuel oil for heat raising noticed in the early 
seventies on account of the severe shortages of 
coal were not taken as representing a normal 
level of usage. The first estimate of fuel demand 
using the end-use method was obtained by 
taking into consideration these factors. These 
estimates are presented as Case-I estimates of 
demand. 

3.10. In October 1973, there was a very 
sharp increase in the international price of crude. 
In December, there was a further increase which 
became effective from 1st January. 1974. (See 
Chapter VIII—Oil Policy, for an analysis of 
price trends). As a result of these increases, 
the price of crude to be purchased for our needs 
from abroad increased to around $ 10 per 
barrel on the average even from the year 1974- 
75; while the previous estimates impfied slowly 
rising prices from the levels obtaining in 1972-73 
and reaching a level of $ 5 per barrel by 1978- 
79. The post-October increase has changed the 
price of oil products very drasfically relative to 
the current prices of other fuels. This is likely 
to. evoke one or more of the following responses 
from the consuming sectors ; 

(i) In certain sectors, the increase in prices 
may have the effect of decreasing con¬ 
sumption of oil products or goods 
manufactured from oil products on 



account of a significant price elasticity 
of demand. 

(ii) There may be an increase in the effi¬ 
ciency of the use of petroleum products 
which will lead to the norms of con¬ 
sumption of petroleum products being 
altered. 

(iii) In sectors where petroleum products 
are substitutable by other fuel forms, 
there will be a tendency towards an. 
increasing use of other fuels in place 
of petroleum products. 

3.11. The Committee tried to examine these 
trends and based on such an examination, has 
drawn two other estimates which can be taken 
as two alternative levels of fuels demand which 
may be needed to sustain the same rate of 
economic growth as in the initial estimate. These 
have been described as Case-II, Case-Ill esti¬ 
mates. Together with the initial estimates referred 
to as Case-I, we have three sets of estimates. 
The assumptions on which the three alternative 
estimates have been made are as follows; 

Case I —assumptions are as set out in para 
3.9 above. 

Case II —is an intermediate level between 
Case-I and Case-Ill. 

Case III —represents the level of fuel demands 
on the assumption that (i) the level of economic 
growth upto 1990*91 will be the same as in 
Case-I; (ii) fhe relative prices of oil products 
and other fuels will continue to be the same 
as in the first quarter of 1974, and (iii) the 
measures indicated in this Report for increasing 
fuel efficiency and for substituting oil products 
by other fuels in areas, which are identified as 
viable and desirable on techno-economic consi¬ 
derations, are implemented fully by the Govern¬ 
ment. 

3.12. In the following paragraphs. Case-I 
estimates are first presented in detail with an 
indication of the basis of the estimates: Case-II 
and Case-Ill are stated with details of the fuel 
efficiency increase and inter-fuel substitution 
assumed. The combined statements of fuel 
demand in Case-I, Caserll and Case-III are 
presented at the end. 

Coal demand 

3.13. In the end-use method fof forecasting 
the demand for each fpel, the sectors which con¬ 
sume significant quantities of fRe fuel in ques¬ 
tion have been selected. Care has been taken 
to evaluate the consumption norms for each 
industry with reference to past data and modified 
wherevef necessary, with reference to possible 
future developments. In deriving the quantities 


of production anticipated in respect of each 
industry in different years in the future, we have 
relied on estimates given in the Chapter of the 
Draft Fifth Five Year Plan and balances work¬ 
ed out by the Perspective Planning Division of 
the Planning Commission as well as the Reports 
of “The Task Forces” which were formed to 
study the needs of the different industries during 
the Fifth Plan.* 

I . In the case of coal the following major, user 
categories were examined for determining their 
specific consumption: 

1. Steel Industry. 

2. Railways. 

3. Electricity (Thermal) sector. 

4. Cement Industry. 

5. Fertilizer Industry. 

6 . Paper and Paper Boards Industry. 

7. Cotton Textiles Industry. 

8 . Glass Industry. 

9. Jute Industry. 

10 . Refractories Industry. 

11. Sugar Industry. 

12. Heavy Chemicals Industry. 

13. Brick Burning Industry. 

I 14. Soft-coke Manufacture for domestic use. 

3.14. Of these items. I to 5, 13 and 14 are 
more important than the rest in terhis of quan¬ 
tities consumed. Steel industry, Railways and 
power sector between them account for over 60 
per cent of the demand. In the case of steel in- 
dtiStfy. the demand for coal was estimated from 
the levels of hot metal production required to 
achieve the levels of finished steel indicated as 
the desired output level in the Draft Fifth Plan 
(Vol. I—Chapter I). The estimates also took into 
consideration the future improvements in the 
technology of the steel industry and the quantity 
of coal that would be required and the extent 
6 f coal washing needed. (See Annex Table 111(1) 
and Chapter VII for a discussion of this). The 
Railways will slowly reduce the stock of steam 
locomotives and the demand for coal for the 
Railways is estimated from the programme of 
requirements of steam-locos implied in the Rail- 
• way plans. These estimates are in agreement 
with the judgement of the Railway authorities. 
The demand for coal from the power sector de¬ 
pends on the demand for electrical energy and 
the likely contribution of electricity from other 
sources of power generation like hydel and nuc¬ 
lear. The estimate was derived from a study of 
the power sector as a whole (see Chapter IX). 
This estimate also took into account the expect¬ 
ed increase in the efficiency of use coal in the 
power sector on account of the large unit size 


♦These estimates dve the produotion levels in different indnst^ies ppto 1984-85, For I9M-QI. the Comipittee haf m^e it* 
own ssfesEinent of pospible production, 
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and greater eflSciency in generating plants to be 
constructed in future and greater efficiency in 
the transmission and distribution of power. An 
estimate of the availability of middlings from the 
washing programme required to supply the wash¬ 
ed coal demand from the steel industry was also 
made and the full use of the middlings in the 
power sector was assumed to arrive at the net 
demand of non-coking coal for power generation. 
(See Annex Table III(2)). In other words, there 
is a relationship between the steel demand and 
the coal demand for power sector implied in 
these forecasts. If the demand for coal from the 
steel sector does not pick up as anticipated, it 
would lead to a reduction in the availability of 
middlings and consequential increase in the de¬ 
mand for coal from the power sector (provided 
all other factors remain constant). In estimating 
the demand for coal as fertilizer feedstock, the 
likely share of nitrogenous fertilizer production 
from coal based fertilizer plants was derived 
from separate studies. (See Chapter VIII on Oil 
Policy). 

3.15 The results of the different studies relat¬ 
ing to demand for coal in different sectors is 
set out in Table 3.2. 

Table 3.2 


Fitst Estimate of Coal Requirements {End-Use 
Method) 

(In million tonne*) 


Coufunfing Sector 

Expected requirements in 


1978-79 

1983-84 

1990-91 

Srmgy-vui 

1,-Steel plante and Coke 
Ovene (o) ., 

32 

53 

00 

2. 13ieirmal power genen- 
' tion(ft) 

45 

04 

118 

3. Troneport (Bailwaye) 

IS 

11 

10 

4. Induetriee .. 

20 

27 

50 

X, Stick boiiiing 

8 

11 

20 

0. Domeitio Soil Coke 
(a) 

9 

21 

30 

7. Export 

’1 

2 

3 

8, CoIIieriee’ own con- 
anmptiim' .. 

4 

0 

9 

I, 7V»(aJ (tor energy-u«e) 

133 

I 9 S 

330 

NM-Siurm »tu 

9. Feitilixer. feedstock 
(II) 

3 

6 

9 

lO, Total coal (H-H) .. 

135 

201 

339 


SHOTls: 

(a) In teinu of row coal. 

(ft) (Sxelnding middlings (S mt. in 1078-79, 12 mt in 
lO^SA and 21mt. in lOOO-Ol') wluoh are inolqd«} 
qnder the 4einaad of steel plant, 


3.16. These estimates of demand indicate that 
of Steel. Power and Railways, the Railways sec¬ 
tor will account for 60 per cent of the demand 
for coal in future. The demand for brick burning 
and for soft coke is about 12 to 15 per cent of 
the total demand for coal, but this is a modest 
estimate and the level of use of coal in these 
sectors can be higher if there is more production 
of coal and coal transport capacity is available 
to move the coal to centres of demand. If the 
power plant construction and the steel production 
plans are achieved as per the programme now 
drawn up and if the rail transport capability is 
increased adequately, it is reasonable to antici¬ 
pate that the demands as projected in this Re¬ 
port for coal will materialise. 

Oil demand 

3.17. In respect of oil. the demand estimate 
was drawn for each oil-product separately. For 
each of the oil products a detailed exercise was 
done to estimate the possible rate of growth 
either by regression analysis or by end-use 
methods, depending on the major industry or 
sector which consumes tbe spct5T(Tc oil product. 
The statement below gives the oil products and 
the major consuming categories; 


Oil Prodnot Consuming industry/rotegory 


1. Motor Qas ., .. Motor Goa (Petro) using 4 

wheelers, 3 wheelers tad 2 whee 

2. Aviation Turbine Fuel ler transport vehicles. 

(ATF) ,Tet Engines (Aviation), 

3. Kerosene .. .. Domestic Sector 

4. High Speed Diesel Oil 

(H8DO) ,, .. Trtasport Seotor/Vehlolee using 

diesel as fuel, inigation pumps 
using H8DO 

C. Light Diesel Oil (LDO) Irrigation pumps and stationary 
generators, power stations, 
fishing crafts 

6. Fuel Oil .. ., Thermal Power Stations, Fur¬ 

naces and boilers in industries. 


3.18 In the case of HSDO, the demand was 
estimated by regression models relating the con¬ 
sumption of HSDO to income from mining and 
manufacturing sector. Later these estimates were 
harmonized with the estimates obtained by end- 
use method. The total demand for the transport 
services based on the anticipated level of econo¬ 
mic growth were projected and the relative shares 
of rail and road transport were determined by 
extrapolating trends observed in the last 10 years. 
From this, the demand for HSDO was determin¬ 
ed. For kerosene, as indicated in Chapter X. 
the demand was derived on the basis of certain 
normative assumptions regarding the number of 
households which would use kerosene for light¬ 
ing in the rural areas and for cooking in the 
urban and rural areas. The LDO demand was 
determined with reference to the past trends and 
checker for consistency by iqaking an estimate 
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of the demand from the agriculture sector for 
use in the number of diesel driven pumps to be 
set up in the future. Motor-gas demand was pro¬ 
jected from past trends with some correction for 
the possible lowering of demand due to increas¬ 
ed price of motor-gas. The use of fuel oil for 
use in furnace in the industries sector was assum¬ 
ed to be limited by Government policies to levels 
prevailing in periods when there was no coal 
shortage. In addition to the estimation of de¬ 
mand for oil products in the energy sector, the 
demand in other sectors was also studied. The 
likely extent of use of different oil products, 
viz. naphtha and fuel oil as fertilizer feedstock 
Were estimated by separate studies using optimi¬ 
sation models. 

3.19. The result of the studies are summaris¬ 
ed in Table 3.3. 

Table 3.3 

First Estimate of Demand for Oil Products (End- 
Use Method) (1975^7?, 1983-84 and 1990-91) 

(in million tonnes) 


Name of product 

1978-79 

1983-84 

1990-91 

I. Energy 8eeU>r 

1. L. P. 0. .. 

0 730 

1-200 

1-980 

2v Motor riae 

2-100 

2-660 

3-360 

S: Keroaene .. 

3-400 

4-400 

6-090 

4, A,T.P. 

1-600 

2-660 

8-120 

0. HSDO 

10-700 

16-200 

27-910 

6. LDO 

2-050 

2-600 

3-700 

7. Furnace Oil 

*, Used for power gen¬ 
eration and indu. 

stries 

6-600 

7-200 

10-160 

b. coastal hunkers 

0-230 

0-400 

0-600 

c. International bunkers 

0-176 

0-360 

0-400 

8. Others 

0-330 

0-460 

0-700 

0. Total (I) .. 

26 716 

37-000 

61-010 

II. Other than Energy Sector 

10. Naphtha .. 8'470 

4-270 

6-600 

11. MTO 

0-120 

0-200 

0-300 

12. JBO 

0 090 

0-100 

0-120 

13. Fuel oil for feedstock 

for fertiiieer .. 

1-250 

2-000 

3-000 

14. Lubes 

0-790 

1000 

1-300 

Ifi. Bitumen .. 

1-680 

2-650 

6-000 

16. Petroleum coke 

0-312 

0-600 

1-000 

17. Wax 

0-078 

0-130 

0-260 

18. Total (H) .. 

• 7'690 

10-760 

16-479 

9. Grand Total (9-1-18) 

34-405 

47-760 

77-480 


3.20. In the case of electricity, the future de¬ 
mand was estimated for each consuming class 
separately. The consuming categories were divid¬ 
ed as follows: — 

1 . Major industries (47 industries which 
consume 70 per cent of electricity used 
in industries). 

2. Other industries. 

3. Domestic sector. 


4. Commercial and Government sectors. 

5. Public lighting. 

6 . Traction. 

7. Irrigation and dewatering. 

In the case of major industries. 47 major users 
of electricity in the tfidustrial sector, which nor¬ 
mally consume over 70 per cent of the electri- 
eity. were specifically examined and the electri¬ 
city demand estimated from the expected levels 
of production of these industries. ITie demand 
for electricity in other industries was estimate 
with reference to the demand from major indus¬ 
tries and the trends in increase of “otter indus¬ 
trial consumption". Consumplfon in the domes¬ 
tic sector and irrigation and dewaterings sector 
was estimated using certain normative assump¬ 
tion regarding the number of power driven rural 
agricultural pump sets to be set up in (fiflerent 
plan periods*. Commercial public lighting wa^s 
estimated on the basis of past trenik. For rail¬ 
ways traction, it was estimated on the basis of 
the level of electrification in the Hailways and 
the stock of electrical locomotives. (This is some¬ 
what larger than the assessment made by the 
railways). Domestic consumption has teen esti¬ 
mated on the basis of the total number of house¬ 
holds for 1983784 and 1990-91 and making the 
assumption ?hat 50 per cent of the households 
in 1983*84 and 75 per cent of the households in 
1990^91 would be electrified. The average con¬ 
sumption per household has been assumed to 
be 200 kWh per year. 

The results of the estimates are summarised in 
Table 3.4. 

Table 3.4 

Revised Estimates of Demand for Electricity 
(1978-79, 1983-84 and 1990-91) 

END USE METHOD 


(bilUoD kWh) 



1978-79 

1688-84 

1990-91 

1. Major Ir^dustrial eon- 

siuHption .. 

47-89 

80-9 

146-0 

2. OtW Induetrial con- 

sumpton 

30-09 

lo-o 

66-0 

3. Total Industrial con- 

sumption 

68-48 

116-7 

810-0 

4. Uomestio oonsumption 

8-68 

16-6 

88-9 

6. Commercial consnm- 

ption 

0-68 

0-8 

81-6 

6. Pnblie'lighting 

1-10 

2-0 

4-4 

7. Traction (Railways).. 

3-26 

6-7 

12-6 

S.flrriffation and de- 

wateroig 

10-00 

14-2 

40-6 

9. Totdl consumption .. 

97-09 

163-0 

316-0 

10. Losees and Auxiliary 

consumption 

22-77 

36-8 

70- 

11. Total generation re- 

qnired .. 

110-86 

108-8 

185-0 


*DurinR the Fifth Plan period a verv major increase in energising irrigation pumpsets is expected with a target of pnmpsete to 
be energised ae 2 million new pumpsets. It is assumed that the number of sets to be energised in every Plan period thereafter wanld 
oontinne a* in the.^fth Plan, 
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AdjmtBMitfs tor taeiKned ^ ^ees 

3.21. As already indicated, the more than 
three-fold increase in the international pri<» of 
crude and oil products has changed the relative 
price of oil and other fuels. This may lead to 
either reduction in the consumption of certain 
oil products due to price elasticity of demand or 
due to increased efficiency of use of fuels or sub- 
stituiton of petroleum products by other forms. 
But the switch over to other fuels in place of 
petroleum products would not generally ty possi¬ 
ble in all cases and further would be iTmited by 
<a) the avauaollity of other fuels; (b) gestation 
p^iod involved in increasing production of other 
fuels to meet the increased demand due to sub¬ 
stitution; (c) By the avaflability of investment 
funds required to produce the other fuels in place 
of oil, and the investments required for adopting 
equipment to use coal and other fuels in place 
of oil; and (d) relative price of fuels in future. 

3.22. Theoretically, it should be possible to cal¬ 
culate the effect of the price increase for each 
oil product separately—kerosene and motor-gas 
ate the principal petroleum products whose price 
elasticity of demand may be significant. There 
ale, however, no reliable estimates of price elas¬ 
ticity of demand. It might be questionable also 
to apply the results of any study on price elasti¬ 
city of demand made with reference to marginal 
fehamges in price to the new situation where the 
price changes have been very large. It might also 
be questionable to use any such results for pro¬ 
jecting the demand for periods extending over 
two diodes. It is, fherefore, not feasible to re¬ 
vise demands on the basis of price elasticity 
studies. 

3.23. On account of the increased price of oil 
products there i? a growing awareness among 
consumers about the efficiency of use of fuel in 
general and petroleum products, in particular. 
Several technical committees have examined the 
possibility of improving efficiency of fuel use: 
These committees have held the view that a 10 
per cent savings could be effected in the use of 
HSDO in theTransport sector by proper mainte¬ 
nance of vehicles, by adopting fuel calibration 
systems and by more optimal design of the body 
of the vehicles and by following good driving 
pi-acticcs. We can. therefore, adopt 10 per cent 
reduction in the total demand of HSDO obtain¬ 
ed by using the end-u.se method as maximum 
possible reduction due to efficiency of investment 
in the transport .sector. In the case of fuel oil 
also, increased efficiency is possible by setting 
simple methods like pre-heating of the fUmace 
oil tad by modifications of the burning equip¬ 
ment. Since the estimates have been based on 
certain measures relating to restricted use of fuel 
oil, no specific allowance need be made in the 
estimates of demand for fuel oil which might 
arise due to more efficient use, 

3.24. Tnter-fuel substituiton can be predicted 
with some degree of reliability only when we 


have relative prices and different technolopes 
that may be available in future for adoption in 
different sectors. In practice, it is found difficult 
to forecast any price of oil as the possible long¬ 
term price. The estimates of long-term price of 
crude vary from $4-5 per barrel to $11-12 
barrel. We haye taken for the limited purpose of 
assessing the possible substitutions that would 
take place in the economy, a price of roughly 
$ 10 per barrel as the expected long-term price. 
Even if the realised price exceeds or falls below 
the $ 10 per baral by a certain margin, the sub¬ 
stitution possibilities envisaged here would still 
remain favourable for the national economy. 
Based om this price, it was found that the most 
advantageous substitution is in the use of coal 
in place of fu,el oil in furnaces and boilers in 
industries sector where two tonnes of coal can 
replace one tonne of oil with minor modifica¬ 
tions of the equipment available. It was found 
that substitution of electricity for energising 
power sets would be preferable in the use of LDO 
or HSDO provided the investments for e.xtend- 
ing the power connections are contained at the 
present level. The use of soft coke in pla<% of 
kerosene is also a desirable shift. In the trans¬ 
port sector, moving commodities over long 
distances by the Railways is more economics 
than movement by road. The use of c<»l for 
production of fertilizer is more economical 
than the use of fuel oil or naphtha. However, 
the heavy ends which would be obtained as 
joint product in the refineries should then be 
subjected to secondary processing to produce 
more of light and middle distillates. Even when 
this is done, certain quantity of residual fuel 
would be left in seccoodary processing which 
is also fuel oil though of an ‘inferior’ quality. 
This inferior oil should be used for fertilizer 
production. There will therefore be a certain 
amount of fertilizer produetj/on based on the 
use of fuel oil in each Plan period. (See Chapter 
VIII on Oil Policy). 

3.25 Though all these substitutions are desir¬ 
able and could be achieved, the institutional and 
resource constraints will limit the pace of sub¬ 
stitution in the near future. We have used our 
judgement to determine the extent of possible 
substitution if the best effdrts are put forward for 
achieving the inter-fuel substitutions which are 
desirable on techno-economic grounds. These 
levels represent Case-Ill of the demand esti¬ 
mates. An intermediate level is also forecast 
which represents achievement of about 50 per 
cent of the substitution that could be achieved 
with the best possible efforts. However, even in 
Case-Ill. we have not taken into account fur¬ 
ther savings In oil consumption which may be 
possible, if the composition of industrial produc¬ 
tion is significantly altered away from energy 
intensive industries. For doing this, it would be 
necessary to assume a strategy of industrial 
growth sharply at variance with our current for¬ 
mulation. Furthermore, we have not assumed 
the use of administrative machinery—such as 
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large scale rationing for limiting the consumption 
of oil products in arriving at our estimate of oil 
demand. The aggregate oil demand correspond¬ 
ing to Gase-IIl should not therefore be interpret¬ 
ed as representing any sort of a minimum esti- 
matei It represents the likely order of demand 
tiiat may be expected to materialise, if the appro¬ 
priate inter-fuel substitutions are pursued vigo¬ 
rously, with product composition and deBvery 
system remaining the same. 

l26. Depending on the eflufTen^ofThe efforts 
taken to achieye the desirable inter-fuel substi¬ 
tution, the demand may lie anywhere between 
Ckse-I and Chse-III. But Case-II has been 
presented as a lever representing what is possible 
of achievement under most of the foreseeable 
set of conditions. In the subsequent chapters 
relating to the policy issues regarding specific 
fuels, we refer tp Case-II as the normal case. 
But opr recommendations are that eftorts should 
be made to bring the demand in line with the 
estimates made.in Cpse-Ill. 

The details of the assumfitiocfs on which Case- 
III and Case-II are based, are. dealt with.sector- 
wi^e below. 

Domestic sector 

3.27. Kerosepe is used in the domestic sector 
for lighting and for Cooking, In our first estimates 
(Case-I) the kerosene demand tor lighting is 
assumed to 4ecrease in future due to the greater 
use ' Qt electricjty, But the use of kerosene for 
cookfag increases over time on account of. urba¬ 
nisation and the increasing difficulties in the rural 
areas to obtain, cheaper non-commercial fuels. 
We have assumeii in making the estimates (Case- 
II tljat 25 per cent 0 ^ the urban households will 
use kerosene for lighting in 1978-79 and that 
this percentage will fajl to TO per cent in 1990- 
91. In the case of ruiral areas, the kerosene is 
assumed to be used in 60 per cent of the house¬ 
holds in 1978-79 apd this get reduced to 25 per 
cent by, 1990-91. For Case-Ill estimates, the sub¬ 
stitution' of kerosene by electricity for lighting 
postulated for 1990-91 is assumed as the level 
to be reached even by 1983-84. In the case of 
cooking, the percentage of rural households using 
ketbsene has been assumed to be 10 per cent, 
15 per cent and 25 per cent and urban house¬ 
holds as 30 per cent, 50 per cent and 70 per 
cent in 1978-79. 1983-.84 and 1990-91 respective¬ 
ly, In the case of cooking, the levels of increas¬ 
ed usage assunSed for 1983-84 is anticipated to 
be achieved only in 1990-91. The increased de¬ 
mand for other cooking fuels is assumed to be 
met by making available greater amount of soft 
coke. Based on this, the requirements of kero¬ 
sene are reduced in the domestic sector and an 
equivalent amount of electricity for lighting pur¬ 
poses and soft coke for cooking purposes is 
alloived for. Case-11 i‘epresents an intermediate 
level between Case-I and Case-Ill estimates. 
Agricnhiirat sector 

3.28. In the agricultural sector, HSDO and 
LDO are used for lifting water by irrigation 

^ P(D)100]VIof Erergy—3 


pumps, and for running tractors and for agricul¬ 
tural machines and equipment. In view of the 
increased oil prices, there should be a shift from 
HSDO and LDO to electricity for running irriga¬ 
tion pumps. The other uses cannot be substitut¬ 
ed economically. The number of diesel pump- 
sets in operation is estimated to be 1.5 million 
in 1973-74 in Case-I estimates. It was assumed 
that the diesel pumps wouTSTnerease by 0.5 mil¬ 
lion pumpsets per year. In Case-Ill, we assume 
that the annual increase in diesel pumpsets would 
only be 0.1 million pumpsets upto 1978-79 and 
thereafter the stock of diesel pumps will not 
increase. Case-II is derived as the intermediate 
level between Case-I and Case-Ill. 

Industrial secton 

3.29. The fuel oil used for fieat raising can be 
economically substituted by coal except under 
very special circumstances and in the case of 
specific industries. In Case-IIT we assume that 
the Case-I estimate of furnace oil will be reduc¬ 
ed by a further 25 per cent by a larger number 
of units now using furnace oil switching over 
to the use of coal. After 1978-79. an annual in¬ 
crease of 4 per cent per year has been assumed 
upto 1990-91. Case-n is obtained as the average 
of Case-I and Case-Ill. 

Tnuuport sector 

3 30. In the transport sector, motorgas is used 
in road transport for private cars, taxis, three 
wheeler and two wheeler vehicles and a small 
fraction of commercial vehicles. HSDO is used 
by commercial vehicles and by the railways. 
ATF is used for air transport services. Fuel oil 
is used by inland and coastal ships and interna¬ 
tional shipping transport. (A small portion of 
LDO is used in ships and small fishing crafts 
but it is so small that it has not been separately 
considered! 

As a result of price increase, motorgas con¬ 
sumption has come down steeply in the current 
year itself. In future the number of cars to be 
added to the stock every year may decrease slow¬ 
ly. After a few years, the net additions to the 
stock each year may be less than the additions 
previously anticipated and the consumption per 
vehicle is also likely to be less than in the past 
(as indicated by the consumption level now ob¬ 
served after motorgas price hikes). Taking these 
into account in Case-lII it has been assumed 
that the rate of growth of motorgas consumption 
may be 2 per cent per year less than the rate 
assumed in the original forecast. It may be ne¬ 
cessary to resort to fiscal measures to reduce the 
motorgas demand. Case-H is obtained as the 
average of Case-I and Case-Ill. 

3.31, In the case of commercial traffic in Case- 
I. we have assumed a declining trend in the per¬ 
centage share of the railways in the freight tra¬ 
ffic. This was 83 per cent ifi'Tr960-61 and also 
has come down to 70 per cent in 1973-74. Extra¬ 
polating the trends, it was assumed in the first 
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estimates that the freight trafiSc would be 66,,pef 
cent in 1978-79. 62 per cent in 1983-84 and 56 
per cent in 1990-91. It has been established that 
it, is economically preferable to transport goods 
by the railways instead of roadways in the Indian 
situation where the commodity compositions of 
the total freight indicates that, even by 1990-91, 
bulk of the commodities moved will be coal, 
iron ore and limestone; etc. It has been assumed 
in Case-in that the percentage share of the Rail¬ 
ways in the total freight traffic will remain at 
66 per cent from 1978-79 onwards. In view of 
the current diflBculties faced by the Railways, it 
will be unrealistic to expect a better performance 
than is assumed in the plan, by the Railways 
upto 1978-79. It has however verified from the 
Railways that, given clear indication even now 
of the magnitude of the task to be performed 
by the Railways, it will be possible for them to 
move larger quantities in 1983-84 and 1990-91. 
In the case of passenger traffic in Case^I a similar 
assumption of declining trend of the Railways 
share has been made. In Case-Ill, it is assuined 
that Railway share of passenger traffic which 
will be 50 per cent by 1978-79 will now decline 
further. Case-II is obtained as the intermediate 
level between Case-I and Case-Ill. To' the extent 
the Railways move larger quantities than are 
implied in the earlier estimates, they require an 
increased quantity of electricity, because it may 
be assumed that without electrification, signifi¬ 
cantly increased capability in the Railways can¬ 
not be achieved. Simultaneously, an adjustment 
is made for the lower level of diesel demand in 
the road transport sector on account of the de¬ 
creased demand for their .services. 

Non-Ehiergy sector 

3.32. In respect of coal, the only non-energy 
use contemplated is for fertilizer feedstock which 


has been assumed in the original forecast as 
3 m, tonnes in 1978-79, 6 m. tonnes in 1983-84 
and 9 m. tonnes in 1990-91. 

3.33. On account of the increased price of oil 
products and the relative prices of fuel oil and 
naphtha which are anticipated to prevail, there 
is little likelihood of new fertilizer projects based 
on naphtha being taken upto 1990-91. In Case-I, 
it was assumed that the naphtha use for fertilizer 
production will remain stagnant at 2 m. tonnes 
fcom 1978-79 to 1990-91. while the naphtha de¬ 
mand for petro-chemicals was assumed to in¬ 
crease from 1.47 m. tonnes in 1978-79 to 2.27 m. 
tonnes in 1983-84 and 3.5 m. tonnes in 1990-91. 
On account of the increase in price of naphtha, 
there will be a slowing down of the rate of 
growth of petro-chemical industry in line with the 
anticipations for such decrease in all the coun¬ 
tries. In Case-Ill, it is assumed that the level 
of demand would only be' 60 per cent of what 
is forecast during the years 1978-79, 1983-84 and 
1990-91. In the medium level forecast, it is taken 
as 80 per cent of the original levels, 

3.34. .Taking note of the possible levels of 
availability of heavy stock which may not be 
otherwise used, a judgement of some reasonable 
estimates of the likely use of fuel oil and coal 
for fertilizer production has been made. There 
are possibilities of natural gas production also. 
This has not been taken into account at this 
stage. (See Chapter VIII para 8.41), As a result 
of these modifications, our original estiinates of 
coal, oil products and electricity get revised. 

3;35. Summing up the revised estimates ob¬ 
tained for oil and the consequential adjustment 
to be made in the demand for coal and electri¬ 
city we get the demands for specific fuels under 
the; assumptions of Case-I, Case-II and Case-Ill; 
these are set out in the Tables 3.5, 3.6 and 3,7. 


Table 3.5 


Revised Estimates of Coal Requirement (1978-79, 1983-84 and 

(In Million tonnei) 







Requirements 

in 




( 

Consuming Sector 


1978-79 



1983-94 



1990-91 

' ' 

Gafie-I 

Case-II 

Gase-Ili 

Case-I 

Case-II Case-Ill 

Case-I 

Oaee-II 

Case-m 

1, Steel plants and Coke 
OTen8(a) 

32 

32 

32 

63 

63 

63 

90 

90 

90 

2. Thermal power genera¬ 
tion (J) .. 

3. Transport (Eailways) 

4. Industries .. 

4S 

48 

61-2 

64 

68 

71 

118 

123 

187 

13 

20 

13 

21-8 

13 

23 

11 

27 

11 

30-2 

11 

32-2 

10 

60 

10 

/(4*5 

10 

58-3 

6. Brick burning) .. 

6, Domestic soft coke (a) 

8 

9 

8 

10 

8 

' 10-6 

11 

21 

11 

22-6 

ll.-OD 

24-2 

20 

30 

20 

325 

20 

35*6 

7. Export .. 

8, Colories’ own con¬ 

sumption 

1 

I 

1 

2 

2 

2 

3 



4 

4 

4 

6 

4 '-6 

6 

9 

9 

9 

I. Total for Energy Use 

132 

137-8 

142-8 

195 

203-8 

210-4 

330 

342-0 

858*9 

Non-Energy Use 

II. Fertili’^er Feedstock ., • 

3 

30 

30 

6 

7.0;, 

8-0 

9 

10-6 

12-0 

Total Cost Demand (I-I-II) 

136 

14 -8 

146-8 

201 

210-8 

218-4 

339 

352-5 

384-9 


Noras 


(6)^ BxdSiiig'*m^Ung8 (5 mt in 1978.79,'; 12 iht in 1983-84 nnd 21 mt in 1990-91) which stand inolnded ^^der the demand 
steel plants. See Annex Table 111(1). 
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Table 3.6 

Revised Estimates- pf Demand for Oil Products (1972-73, 1978-79, 1983-84, 1990-91) 

(In million tonnes) 


Name of 

1972-73 


1978-79 



1983-84 



1990-91 


Product 






t 





f 

Case-I 

Case-II 

Case-Ill 

t 

Oase-I 

Case-II 

Case-Ill 

Case-I 

Case-Il 

Case-m 






I. Energy Sector 





1. L.p.a .. 

0-260 

0-73 

0-73 

0-73 

1-20 

1-20 

1-20 

1-93 

1-98 

1-98 

2. Motor Gas 

1-692 

2-10 

2-00 

1-91 

2-56 

2-43 

2-32 

3-36 

3-14 

2-93 

3. Kerosene 

2-449 

3-40 

3-20 

3-12 

4-40 

4-10 

3-81 

6-09 

6-66 

6-01 

4. A.T.P. .. 

0-802 

1-60 

1-46 

1-38 

2-86 

2-48 

2-26 

6-12 

6-14 

4-38 

6 . H.S.D.O. 

6-811 

10-70 

9-71 

8-72 

15-20 

13-67 

12-15 

27-91 

23-69 

19-48 

6 . L.D.O. .. 

1-376 

2-06 

1-98 

1-90 

2-60 

2-35 

2-09 

3-70 

3-20 

2-71 

7. Furnace Oil 

(6-629) 

(6-91) 

(5-11) 

(4-61) 

(7-96) 

(6-49) 

(6-62) 

(11-16) 

(9-09) 

(7-40) 

(t) used for po. 











wer genera¬ 
tion and in¬ 
dustries .. 

(fi) Coastal Bun- 
kers 


6-60 

4-70 

4-20 

7-20 

6-74 

0-40 

4-87 

0-40 

10-16 

0-60 

8-09 

0-60 

6-40 

0-60 


0-23 

0-23 

0-23 

0-40 

(Hi) Interna¬ 
tional Bunkers 

0-36 

0-36 

0-40 

0-40 

0-40 


0-18 

0-18 

0-18 

0-36 

8 . Others .. 

0-160 

0-33 

0-36 

0-33 

0-46 

0-46 

0-46 

0-70 

0-70 

0-70 

fl. Total (I) .. 

18‘07$ 

26-n 


n-70 

37-00 

33-17 

29-90 

61-01 

2-49 

44-59 





n. other than Energy Sector 





10. Naphtha 

11, P P. fer Fe- 

1-319 

3-47 

3-47 

3-47 

4-27 

3-36 

3-32 

6-50 

4-80 

4-10 

edstook for 
fertilizer .. 


1-26 

1-26 

1-26 

2-00 

1-80 

1-63 

3-00 

2-60 

2-00 

12. Lubes .. 

0-692 

0-79 

0-79 

0-79 

1-00 

l-OO 

1-00 

1-30 

1-30 

1-30 

13. Bitumen 

1-140 

1-58 

1-58 

1-68 

2-66 

2-32 

2-11 

5-00 

3-98 

3-13 

14. iOthers .. 

0-610 

0-60 

0-60 

0-60 

0-93 

0-93 

0-03 

1-67 

1-67 

1-67 

16. Total .. 

35- 61 

7-69 

7-69 

7-69 

10-75 

9-il 

8-99 

16-47 

14-25 

12-25 

16. Gband 
Totai.(I) + (II) 

21-640 

34-41 

32-20 

30-39 

47-75 

42-68 

38-89 

77-48 

66-74 

06-84 





Table 3.7 


Revised Estimates of Demand for Electricity 1978-79, 1983-84 and 1990-91) 

END USE METHOD 


(biWon KWh) 







Requirement in 






f 

1978-79 



1983-84 



1090-01 




CASE 



Case 



Case 


r 

I 

II 

m 

! 

I 

II 

III ’ 

I 

II 

in 

1. Major industrial con¬ 
sumption 

47-89 

47-89 

47-89 

80-2 

80-2 

80-2 

149-0 

149-0 

146-0 

2. Other industrial con¬ 
sumption 

20-69 

20if59 

20-69 

86-5 

36-5 

36-6 

66-0 

69-0 

69-0 

3. Total industrial oon- 

fiumption .. 

68-48 

68-48 

68-48 

116-7 

116-7 

116-7 

210-0 

810-0 

810-0 

4, Bomestic consumption 

8-68 

11-63 

14-38 

16-6 

18-4 

21-2 

26-9 

27-1 

28-1 

6 . Commercial consump¬ 
tion 

5-68 

6-58 

6-58 

9-8 

9-8 

9-8 

21-6 

21-6 

Sl'6 

6 . Public lighting ,, 

1-10 

1-10 

1-10 

2-0 

2-0 

2-0 

4-4 

4-4 

4-4 

7. Traction (Bailways).. 

3-26 

3-36 

3-44- 

6-7 

6-1 

6-6 

12-6 

18-9 

18-8 

8 . Irrigation & dewa¬ 
tering 

10-00 

10-30 

10-90 

14-2 

16-7 

17-2 

40-6 

48-4 

46-1 

9. Total consumption .. 

97-09 

100-34 

103-88 

163-0 

167-7 

172-4 

316-0 

820-4 

329-8 

10. Losses and Auxiliary 
consumption 

22-77 

23-66 

24-12 

36-8 

37-3 

38-6 

70-0 

71-6 

79'8 

11. Total generation re¬ 
quired 

119-86 

124-00 

128-00 

198-8 

205-0 

211-0 

889-0 

803-0 

808-0 


these data, the ini^ied levels of use of non-ccnn- 
merdal fuels have been estimated and the re¬ 
sults are set out in the Table 3.8. (See Qiapter 
X, para 10.7 for details). 

Table 3.8 

Estimates of Demand for Non Commercial Fuels 
(1978-79, 1983-84 and 1990-91) 

(In million tonnea/in m«tor) 
1978-79 1988-84 1990-91 


Firewood and char¬ 
coal .. 132 125 131 124 192 119 

Dangcake (dry) .. 65 26 65 20 63 81 

Vegetable waste .. 46 44 40 44 49 44 


Total 196 194 181 


Forecast of demand for Non-commercial Energy 

3.36. The domestic sector consumes energy 
derived from commercial fuels like coal, coke, 
kerosene, LPG and electricity and non-commer¬ 
cial fuels like firewood, vegetable waste, cowdung, 
etc. There is no way of direct measurement of 
the extent of use of non-commercial fuels. The 
methods of estimation of non-commercial fuels 
are discussed in Chapter X. Briefly, from the 
field studies, the average per capita consumption 
in the domestic sector in urban and rural house¬ 
holds is first estimated and from this the total 
requirements of energy for the domestic sector 
is computed. The availability of commercial fuels 
to domestic sector at different points of time in 
future are determined and the residual represents 
the likely level of consumption of non-commer¬ 
cial fuels. In the estimates of future demand of 
coal, oil and electricity, the possible levels of 
non-commercial fuels that would be used in the 
domestic sector have bceji calculated. Based on 
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3.37. Fuel requirements, both commercial 
and non-commercial, for energy use only as 
estimated by the Committee may be summa¬ 
rised as follows: 

Table 3.9 


Esiimatts* of Demand of Fuels {For Energy 
Use) in 1978-79. 1983-84 and 1990-91 

(In meter) 


Year 

fuel 

1978-79 

1983-84 

1990-91 

1. Coal** .. 

8 S 

124 

198 

2. Oil products*** 

173 

237 

380 

S. Eleetricitj 

100 

167 

320 

4. Total commercial energy 

358 

628 

898 

S' Kon-commcroial fuel 

195 

194 

181 

0. Total energy 

653 

722 

1079 


*Ba«ed on CaM-II estimates. 


••Excludes eoal for power generation 

•••Bxoludes fuel oil used for power generation : 
1078-79 .. .. 1 • 6 m. tonne 

1983-84 .. ., 2 „ 

1990-91 .. .. 4-6 „ 

3.38. A comparison of the estimates obtained 
by the end-use method with the estimates ob¬ 
tained by regression analysis shows that these 
estimates are close to each other in respect of 
total commercial energy (see para 3.7). But in 
respect of specific fuels regression analysis gives 
slightly higher estimate for coal and oil. This 
is to be expected as the shifts in technology 
over the .years have been slowly in favour of 
lesser utilization of coal directly as a fuel and 
substitution of electricity. Oil consumption in¬ 
crease has been kept in check in the end-use 
analyses by substituting electricity in transport 
and agricultural sectors. This has led to the 
end-use estimate of electricity being larger than 
the estimates obtained by regression analysis. 

3.39. The rates of ffowth of demand for diffe¬ 
rent commercials fuels during the future Plan 
periods implied in our forecasts are summaris¬ 
ed below in Table 3,. 10, As coal production has 
to be increased to a level adequate to supply 
coal demand including coal for power generation 
demand including coal for power generation 
has been taken into consideration. Similarly 
fuel demand for non-energy uses has also been 
included. 


Table 3.10 

Rates* of Growth of Demand for Different 
Fuels: (1978-79, 1983-84. 1990-91) 


(in % per year) 


Period 

Coal 

Oil 

Electri¬ 

city 

Total** 

comm¬ 

ercial 

energy 

1970-71 to 1978-79 . 

9-4 

8-6 

9-6 

7-8 

1978-79 to 1983-84 . 

8-4 

6-8 

108 

81 

1983-84 to 1990-91 . 

7-6 

6-6 

9-7 

7-9 


•Caloulated in terms of original units 
••Caloulated in tetma of mtor. 


3.40. The rates of growth of coal demand 
may come down slowly in eadi Plan period 
from about 9.4 per cent in the period 1978-79 
to 8.4 per cent in the Sixth Plan period and 
7.6 per cent then on. In the case of oil. it will 
be seen that oil consumption goes down sharp¬ 
ly from 8.6 per cent in the period upto 1978-79 
to 5.8 per cent in the Sixth Plan period which 
then increases to 6.6 per cent in the Seventh 
Plan period and upto 1990-91. The sharp dec¬ 
rease during the Sixth Plan period in oil con¬ 
sumption arises on account of our assumptions 
of shifts from oil to other fuel forms during 
the Sixth Plan period. Though we have advo¬ 
cated the measures to be taken in the Sixth 
Plan period, the benefits of substitution of oil 
products by electricity and, in some measure, 
by coal, will come into operation only during 
the Sixth Plan period. This will result in raising 
the growth rate of electricity consumption 
during the Sixth Plan period to 10.8 per cent. 
It may be relevant to note here that this also 
reflects the strategy implied in the long-term 
perspective of growth of theTndian economy 
given in the Draft Filth Plan. 

3.41. The magnitude of'the production effort 
called for power and coal sectors (where deficits 
in domestic production cannot be easily met by 
imports) to achieve the pattern of fuel usage sug¬ 
gested in this Report can be seen from the Table 
3.11 which gives the average annual increase in 
production in each Plan period. 

Table 3.11 

Average Annual Increase in Demand For Fuels 


Period 

Coal* in 
million 
tonnes 

Oil in 
million 
tonne of 
reproducts 

Electri¬ 
city in 
b. kWh 

1. 1970-71 to 1978-79 

91 

1-8 

6-4 

2. 1978-79 to 1983-84 

14-6 

2-1 

13 4 

3. 1983-84 to 1990-91 

20-3 

3-4 

21-8 


♦Excluding Lignite. 
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3.42. It is relevant to note that the increases 
in the per year addition to production of coal, 
oil products and electricity will slowly increase 
over time inspite of the reduction in the rates 
of growth in oil noticed in the Sixth Plan period. 
The production per year will of course increase 
gradually each year, if adequate advance action 
is taken in the energy sector. But Table 3.11 has 
been given to highlight the magnitude of the 
tasks which will be cast on coal, oil and elec¬ 
tricity industries ih future. 

3.43. The estimates given in this Report are in 
the nature of conditional statements and they are 
derived from the rate of growth of the economy, 
the structure of the economy and structure of 
the industries as Foreseen now. The estimates 
for 1978-79 do not reflect any large variations 
in the demand for oil products as a measure of 
economy in the use of oil and some substitution 
of oil products for power generation and for heat 
raising in industries by coal has already been 


assumed in the first estimat^Sj Given the lifflita- 
tions on increasing coal and electricity, the Com¬ 
mittee did not think it realistic to forecast any 
severe reduction in the use of oil; but it should 
be noted that the Committee has not examined 
the possibilities oT curbing elitist consumption of 
selected oil products by administrative action. 
But the alternative patterns of usage suggested in 
this Report will mean a saving of about 5 m. 
tonnes ml983-^4 and 11 m. tonnes in 1990-91. 
If all the measures suggested in the Report are 
taken, the pattern of usage of oil products will 
come to be closer to Case-III where, by 1990-91, 
about 21 m. tonnes of oil products could be 
saved. It is worth reiterating here that excepting 
for some quantities of energy which can be re¬ 
duced by giving up a measure of comfort, reduc¬ 
tion-in the use of a particular fuel will mean an 
increase in quantity of another fuel. It is there¬ 
fore necessary to note that the patterns of usage 
of Case-I,'Case-II and Case-III should be treat¬ 
ed as different patterns of fuel usage. 



CHAPTER IV 

FUEL RESOURCES OF INDIA 


Non-commerdal fuels 

4.1. The majorTuel resources available in 
India are coal, oil, natural gas. hydro-electric 
potelEtia] and nuclear fissile material. In addition, 
very large quantities of non-commercial fuels like 
firewood, cowdung and vegetable waste are uti¬ 
lised in the country. Non-conventional resources, 
in the exploitation of which very little progress 
has been made so far. include geo-thermal energy, 
solar energy, tidal power and wind power. A 
survey of the availability position of each of these 
resources is necessary for analysing the supply 
possibilities of energy from indigenous sources. 

4.2. Coal is the largest naturally occurring 
source of commercial energy in India. The re¬ 
sources position is assessetiby the Geological 
Slirvey of India through regional mappimg, ex¬ 
ploratory drilling and detailed drilling. In some 
cases detailed drilling has also been done by the 
National Coal Development Corporation and 
some State Governments like Maharashtra. Me¬ 
thods of computation of reserves have varied 
from institution to institution. A coordinated esti¬ 
mate was n^e* recently of the total quantity 
of coal available in coal seems of more than 1.2 
meters thickness down to a depth of 600 meters. 
The detailed estimates of reserves for the diffe¬ 
rent coalfields are given in Annex-IV(l). A sum- 
maty of the total gross reserves of the different 
varieties of coal is given in Table 4.1. 

Table 4.1 

Summery of Reserves of Coal Available in India 



Total 

Gross 

Reser- 

Proved 

Reser¬ 

ves 

Indi¬ 

cated 

Reser- 

Infer¬ 

red 

Reserves 


ve 


ves 


1. Coking Coal 

Prime coking coal 

6,660 

3,660 

1,540 

460 

Medium coking coal .. 

9,431 

3,860 

4,309 

1,272 

Semi to weakly coking 
coal 

5,073 

1,669 

2,600 

914 

Total coking coal 

20,JS4 

9,059 

8,449 

2,646 

2. Son-coking coal 





Kon-coking coal 

Tertiary coal 

69,9681 

>■12,306 
288 J 

22,310 

26,180 

3. Lignite 

Lignite 

2.025 

1,796 

202 

28 

Grand Total 

82,976 

23,160 

30,961 

28,864 


♦Report of the Tatk Force on Coal & Lignite, April, 72. 


MetaDutgical coal 

4.3. Ofij^the gross metallurgical coal reserves 
totalling about 20,000 niL about 9000 mt are 
proved. These are concentrated in the Jharia. 
Bokaro, Ramgarh, Giridih and Karanpura coal¬ 
fields in the State of Bihar. Some quantity of 
coking coal mostly of the medium and semi to 
weakly varieties are found in the Raniganj coal¬ 
field in West Bengal and the Bench Kanhan coal¬ 
fields in Madhya Pradesh. The coking coal re¬ 
serves are classified as prime coking which can 
be used for the production of metallurgical coke 
and medium, semi coking and weakly coking 
which can be used for preparing metallurgical 
coke only in combination with prime coking coal. 
The prime coking coal is thus an absolute neces¬ 
sity for the metallurgical industry of the country. 
The resources of this variety of coking coal which 
is found almost exclusively in the Jharia coalfield 
are extremely limited, the total proved reserves 
being about 3600 mt. and the indicated and in¬ 
ferred reserves being about ..^.000 mt. Consider¬ 
ing the losses in mining and washing which are 
unavoidable and the fact that the coal mined in 
the future is likely to be high ash variety, the 
net available reserves of prime coking coal are 
estimated at only 1600 mt. This together with 
the estimated availability of medium and blend- 
able coal will be able to sustain the growing re¬ 
quirement of the steel industry for a period of 
about 40 years only. Conservation of the scarce 
reserves of coking coal as well as measures for 
minimising the coke consumption in blast fur¬ 
naces may lead to the extenison of life of the 
reserves. (See Chapter VII). Another feature pf 
the coking coal available which has to be noted 
in the context lof the planning of steel production 
is that nearly 98 per cent of the coking coal re¬ 
serves are located in the Bengal-Bihar coalfields 
—mostly in Bihar. Another fact is that much of 
the coking coal, particularly the medium and 
blendable coal, would have to be beneficiated 
before it can be used for the manufacture of 
metallurgical coke, unless technology is develop¬ 
ed, which would enable the use of high ash coke 
in the blast furnaces. There are also prospects of 
benefleiating non-coking coal to “formed coke” 
for use in the steel industry. (See Chapter VID- 

Non-Coking Coal 

4.4. With regard to the availability of non¬ 
coking coal and lignite, the position is somewhat 
better. The gross reserves are estimated at about 
63,000 mt of which about 14,000 mt including 
about 1800 mt of lignite, represent proved re¬ 
serves. The balance of about 49,000 mt being in¬ 
dicated and inferred reserves, the percentage of 
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tidn-coking coal available for exploitation would 
be significantly less. The requirements of non¬ 
coking coal are anticipated to go up steeply 
with the large increase in thermal power genera¬ 
tion. In view of the uncertainty in the trend of 
demand as well as the fact that much of the re¬ 
serves are yet to be proved, it is diflicult to pre¬ 
dict with any reasonable degree pf accuracy the 
period for which the non-cpkpig coal reserves 
are likely to last. On a very rough calculation, 
it may be stated that the reserves of non-coking 
coal that have been categorised so far would last 
for about 100 to 150 years. However, explora¬ 
tion for coal seams is a continuing process and 
it is possible that new deposits might be discover¬ 
ed and also that the proving of reserves might 
indicate the availability of larger quantities. 

4.5. About 60 per cent of the non-coking coal 
reserves occur in the Bengal-Blhar coalfields. 
Other major coalfields are Korba. Singrauli, 
Korea, Rewa, Hasdeo-Anand and Mand-Raigarh 
in Madhya Pradesh, Talcher and Ib river in 
Orissa, Chandawardha and Kamptee in Maha¬ 
rashtra and Singareni in Andhra Pradesh. The 
North-Eastern region comprising the States of 
Assam, Meghalaya, Nagaland. Arunachal also 
donitain low ash coal most of which is still in 
the indicated and inferred category. 

4.6. As in the case of coking coal, the vast 
majority of the non-coking coals contain high 
percentage of ash. The good quality coals, that 
IS coal with ash plus moisture together not ex¬ 
ceeding 19 per cent, comprise about 460 mt. of 
proved reserves only. The reserves of superior 
grades of coal are thus extremely limited and it 
would be necessary for the consumers to adapt 
themselves to the high ash varieties which are 
available in abundance. 

4.7. Table 4.2 depicts the resources of coal 
available in each region and State:— 

Table 4.2 

Categorywise/Regionwise Availability of Coal 
Reserves 


Region 

Proved 

Indica¬ 

ted 

Inferr- 

red 

Total 

II. Coking coal — 

E. REGION 

W. Bengal .. 

967 

■ 775 

. ; 738 ■ 

2,480 

Bihar 

7,987 

7,470 

1,908 

17,365 

CENTRAL REGION 

Madhya Pradosh/U.P. 

105 

204 


309 

Total .. 

9,069' 

8,449 ‘ 

2,464 

20,164 

III. Lignite — 





W. REGION 

Gujarat 

78 


• • 

78 

S. REGION 

Tamil Nadu 

1,717 

202 


1,919 

N. REGION 
Rajasthan 



20 

20 

Kashmir 



, 8 

8 

Total 

1,796 

202 

28 

2,025 

Grand Total 

23,160 

30,961 

28,864 

82,976 


Sottbob: — Construoted IVom the Report of the Task Force 
on Coal and Lignite—April, 1972. 


4.8. A major portion of non-coking coal re¬ 
sources is located in the Eastern region which 
also contains almost aU the coking coal reserves. 
The unexploited reserves of non-coking coal are 
also maximum in this region. This is7 however, 
situated rather unfavourably from the point of 
view of transport because of sizeable portion of 
the increase in demand for coal, particularly for 
power generation, is arising in the Western and 
Northern regions. The nearest coalfield to the 
Northern region is Singrauli which has considera¬ 
ble potentialities as its exploitation started only 
very recently. With extensive e;i^oitation it is 
possible (since the total gross reserves amount 
to more toan 9,000 million tonnes) for fhis field 
to meet a substantial portion of the needs for 
power generation in Northern India for a period 
of over a hundred years. The coal demand in the 


(in mt) 


Region 

Proved 

Indica¬ 

ted 

Inferr¬ 

ed 

Total 

I. Non coking coal : 

N. E. Region 

139 

291 

398 

828 

B. REGION 

W. Bengal .. 

3,071 

6.22 

8,848 

17,139 

Bihar .. 

2,603 

8,647 

6,612 

17,862 

6,186 

Orissa 

805 

2,411 

1,810 

CENTRAL REGION 
Madhya Pradesh 

4,142 

3,864 

7,168 

15,174 

WESTERN REGION 

Maharashtra.. 

478 

800 

1,344 

2,622 

southern region 

Andhra Pradesh .. 978 

1,077 


2,066 

Total 

12,306 

22,310 

26,180 

60,796 


Western region should nomally be met from the 
resources available in the coalfields of Maharash¬ 
tra and Madyha Pradesh. By considering the 
likely demand over time for coal in the Western 
region and the coal resources in Maharashtra 
and M.P. it appears necessary that the supplies 
from these coalfields will need to be supplemented 
with coal from the Eastern region. The Southern 
region had long been dependent on hydro-electeic 
power and hence thermal power generation had 
occupied an insignificant place in the past. But 
in the last decade the need for a rational balance 
between thermal and hydel generation has been 
recognised and the demand for coal has been 
rapidly rising. "The two deposits available 
in the Southern region are those in : Singa¬ 
reni amounting to over 2000 million tonnes and 
the lignite deposits at Neyveli also estimated at 
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about 2000 million tonnes. Besides serving as a 
fuel for power generation, lignite is also being 
used as a raw material for production of fertili¬ 
zers and smokless domestic fuel. DuiC to the re¬ 
latively diflBcult mining conditions obtaining in 
Singareni and Neyveli the development of mines 
in these fields is likely to be slow. The Southern 
region would, therefore, liave to be supplemented 
with coal supplies from the Eastern region i.e., 
from the coalfields in Orissa and Bengal-Bihar. 

The locational aspect of the coal deposits in the 
country underlines the need for developing an 
efficient and adeqaute transport system which 


would ensure the flow of available fuel resources 
from the points of availability to points of re¬ 
quirements. 

4.9. In the oil prospect map of India, 27 
basins have been delineated by the petroleum 
geologists on land and oS shore covering a total 
sedimentary area of about 1.41 million sq. km 
on land and about 0.26 million sq. km lying 
with the 100 metre isobath of shelf-zone in the 
Indian offshore. The geological basins of possi¬ 
ble interest from the point of view of oil explo¬ 
ration are categorised below according to their 
prospective value. 


Table 4.3 


Categorywise Sedimentary Areas in India 


Category 

Basina Sedimentary (including oflabore parte) Total 

Sedimentary 
Area including 
offshore 
(thousand 
sq km) 

Remarks 

A 

Cambay, Large part of Assam—^Arakan 

300 

High propapects. These are areas with thick 
eeciions ot marine sediments of relatively 
younger age and are known to contain commer¬ 
cial oil/gas 

Bi 

Small part of Aasam-Arakan, Gauvery, West- 
Bengal, Jaisalmer, Tripura, Cachar and Anda¬ 
man Nicobar 

260 

Medium prospects. These are areas with thick 
sections of marine sediments of relatively 
younger age, but so far have no known commer¬ 
cial oil/gas fields 

B, 

Ganga Valley, Punjab, Godavari-Krishna, Damodar 070 

Graben, Mahanadi Gtaben, Narmada, Kutoh, 

Saurashtra, Kerala, Laccadiye and Palar 

Fair prospects. These are areas with thick 
sections of sedimentary rocks of older ages, 
either wholly or mostly non-mai'ine or have 
some other unfavourable geological features 

C 

Cuddapah, Kaladgi Bbima.^Chatisgarh, Baslar, 
Vindhyan, Jodh Pur, South Bewa, Satpura, San- 
cher-Barmer 

460 

Low pros^ts. These are areas with sedimen¬ 
tary rocks of extremely old age 


Total Sedimentary Area (including offshore) 

1,670 


Sottbob;—O il 

and Natural Gas Commission. 




4.10. A map showing the location of these 
basins is attached. Of the 27 sedimentary basins 
on land- 12 basins have very ancient sediments 
and have therefore very low priority. Explora¬ 
tory drilling so far has been conducted, mainly 
on land, in 7 of the more promising 
basins. 90 per cent of the total volume of 
exploratory meterage drilled todate is concen¬ 
trated in two basins of the greatest interest viz., 
the Cambay (Gujarat) and Assam basins which 
between them contain all the known oil fields of 
India today! The well studied oil bearing area 
constitutes about 4 per cent of the total area of 
the Indian sedimentary basins which could be 
the habitat for oA. 

4.11. The continued discovery of new oil fields, 
though comparatively small in size on land in 
Gujarat, and of a medium sized field in Assam 
area indicates the possibility of discovering more 
oil in these areas. A total of 19 oil fields have 
so far been discovered in the Cambay basin of 
Gujarat since 1958. In addition, six oil fields 
have so far been discovered by Oil and Natural 


Gas Commission in the Southern part of the 
Assam shelf. Three fields have been discovered 
and two are being worked by Oil India Limited 
and one small field is being worked by the Assam 
Oil Company in this area. Despite the large 
volume of exploratory worked the upper Assam 
shelf is not as well studied as the land part of 
the Cambay basin of Gujarat. The hydrocarbon 
prospects of only 16 structures have been so'far 
evaluated by dmling in Assam—^Arakan area out 
of 20 structures prepared by surveys, leading to 
discovery of four oil fields. Thus, there is a good 
chance of discovering more oil fields in the 
Assam ^ion in future years. the other hand, 
about lOu structures have been s'd^ar discovered 
in the Cambay basin of Gujarat, including 12 
possible oil bearing structures located in the shelf 
zone off the west coast. Out of these, the hydro¬ 
carbon prospects of 72 structures on land have 
been evaluated by drilling and chances of big dis¬ 
coveries on land in future seem remote. How¬ 
ever. out of the 12 structures discovered by geo¬ 
physical surveys in the shelf zone mainly of 
Arabian Sea. only three at Aliabet, Tarapore and 
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Bombay High have beoD partly explored by dril¬ 
ling till recently. The first well drilling at Bom¬ 
bay High structure has penetrated many promis¬ 
ing oil and ga.s bearing ijiyers. But the potential 
of the structure has to be studfed with reference 
to a few more boles to be drilled and through 
trial production over a period of time. It is as 
yet too premature., to make any forecast of the 
likely production from this structure. The Com¬ 
mittee. therefore, did not consider it desirable 
to revise the assumptions regarding production 
of crude from Indian .oilfields made prior to the 
findings at Bombay High. 

4.12. The proved reserves of crude oil and 
natural gas are shown in Table 4.4. 

Table 4.4 

Reserves of Crude and Natural Gas 


Arv* 




Criido Oil 
(In million 
tonrtea) 

Natural Gan 
(In million C u- 
bic MetrtTi) 

Gujarat 

• • 

ft6-38 

10-00 

Aaaam 

• • 

7140 

42-8-2 

Total 

• a 

127-84 

62-48 


SueaoK:-— Iiuliso Petroleum sod Cbemioala 6UtiKtir«, IU72. 

Recent explorations within the country (c.g., 
in Tripura and^'Bdmbay High areas) and in con¬ 
cessions oprtated abroad (e.g., certain Persian 
Gulf areas in the middle east) hold promise of 
discovery of gas in substanual quantities which 
may increase several fold the availability of na¬ 
tural gas to India. 

4.13. In the Fift^ Five Year Plan period, the 
Oil and Natural Gas Commission has drawn up 
plans to prove recoverable oil reserves to the ex¬ 
tent of 64 mt inclusive of S mt. to be discovered 
and proved in the offshore areas. This is estimat¬ 
ed to enable ONGC to achieve and sustain a 
production of 8 mt. of gil per year in 1978-79. 
The forecast of proving of reserves and produc¬ 
tion is contingent on/the level of exploration 
and development work done by ONGC being at- 
least as intensive as indicated in the Fifth Five 
Year Plan programme. The Oil India Ltd. which 
is exploiting the oil fields in. Assam has an ex¬ 
ploration programme which would enable them 
to reach and maintain a production of about 3 
mt. of crude per year by 1978-79. The All India 
production of crude will, therefore, be alx)ut 12 
mt by 1978-79 including offshore production. 
Hiere is likely to be variations between what is 
expected and what is achieved. 

4.14. For the period beyond 1978-79 detailed 
studies have not been made, j^elimiaary studies. 


however, indicate that if adequate funds are made 
available for exploration activities, recoverable 
resources of about I3(l mt. could be established 
in 5 years and ONCKTs oil production alone can 
be about 13 mt b^ P983-84. It is reasonable, 
therefore, to Torecasl a production rate of about 
IS mt of oil per year by 1983-84. These projec¬ 
tions, of oil production and reserves likely to be 
added are essentially prognastic estimates of sta¬ 
tistical nature based on experience and skill gain¬ 
ed so far expresed in terms of oil reserves dis¬ 
covered per metre drilled. 

4.15. In order that thc.se forecasts are realised 
in future the following steps may have to be 
taken: 

(i) Expedite the exploratory drilling in the 
Bombay High region. 

(ii) Undertake a large volume of explora¬ 
tion drilling operations in the Tripura 
and Cachar areas and in the South- 
Eestern border of the Upper Brahma¬ 
putra Valley. 

(lii) Re-survey some already explored por¬ 
tion of the Cambay basin and the Upper 
Brahmaputra valley region of the 
Assam-Arakan Basin using .sophi.sticat- 
ed geophysical techniques, and intensive 
exploration drilling operations in such 
portions, to locate additional traps in 
particular stratigraphies which might 
have been mis’sed in the course of the 
exploration work conducted earlier. 

(iv) Extend the exploration operations to the 
portions of the Camb.iy basin and the 
Upper Brahmaputra Valley region of 
the Assam-Arakan Basin which bad not 
been explored so far. 

(v) Conduct extensive seismic surveys in all 
the areas and follow up the results by 
drilling of exploration wells. Priority to 
be assigned to the continental shelf in 
the Arabian Sea adjoining the area al¬ 
ready covered, the continental shelf area 
south of Sunderbans and the continental 
shelf area of the Andaman Islands. 

(vi) Test by deep drilling already known 
structures in the Shiwalak Toot hill belt 
oT Jammu and TCasTimir, Punjab and 
Himachal Pradesh. 

(vii) Intensify the exploration work, including 
seismic surveys and'drilling operations, 
in the Gan^ valley in West Bengal, 
Saurasbtra and Jaisalmer area. 

(viii) Intensify the exploration work, including 
commencement of exploration drilling, 
in the 1^nd arSa of Andaman & Nicobar 
Islaodi. 
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The findings in regard to the potential of 
Bombay High, if composed soon, will enable the 
Government to draw up the priorities for action 
in oil exploration on a firmer basis. 

4.16. In addition to oil available within the 
countriy, India also owns a small share in the 
oilfields in the Persian Gulf and the oil from this 
source on normal assumption can be considered 
as an available resource of India. Indian owns a 
part of the Rustam and Rakash oil fields in the 
Persian Gulf along with AGIP of Italy and 
Philips Oil Co. of U.S.A. These oil fields to¬ 
gether produced about 4 mt of crude in 1972 of 
which India’s share is l/6th. The production in 
these two fields is expected to decline gradually 
and by 1978 it would be a little less than 2 mt 
and by 1985 it would be around 0.75 mt. But 
there are some possibilities of increase in pro¬ 
duction through .secondary recovery methods and 
by exploring new areas in the lease-hold avail¬ 
able in these fields. Recerit exploration indicates 
possibility of large resins of gas "being formed in 
the lease area. 

Hydroelectric resources 

4.17. India is fortunate in having several moun¬ 
tain ranges and large n'ver systems which would 
suggest vast hydel power resources. These have 
been assessed on the basis of the results of sur¬ 
veys conducted by the Cehtral Water and Power 
Commission between 1953—58*. 

The Central Water and Power Commission 
study made the evaluation with reference to 260 
specific schemes on the various river systems. 
The river systems were classified into the follow¬ 
ing groups: 

(i) The West flowing rivers of Southern 
India covering the Western Ghats and 
the Coastal strip from Goa to Kanya 
Kumari. 

(ii) The east flowing rivers of Southern 
India. 

(iii) The rivers of Central India which flow 
to the east and to the west. 

(iv) The Ganga basin including its Himala¬ 
yan and peninsular tributaries. 

(v) The Brahamaputra basin and neighbour¬ 
ing drainage areas in Assam, Megha¬ 
laya, etc. 

(vi) The Indus basin covering the tributaries 
of the Indus in India. 

The economically usable hydro electric potential 
estimated for each of these river systems and its 
Statewise distribution is given in Table 4.5. 


Table 4.5 


Statewise DistributiQn of Power Potential 


State 


M. W. at 60% L P 

1. Andhra Pradeah 

2. Aasam iincluding 

Meghalaya, 

2.476-6 

Nagaland and Misoram) 

11,699.4 

3. Bihar 

* • s t 

609-7 

4. Gujarat 

• s * • 

677.0 

5. Jammu & Kashmir 


3,690.6 

6. Kerala 

• • » • 

1,639.6 

7. Madhya Pradeah 


4,682-3 

8. Madras 


708-2 

9. Mahasrashtra 


1,909-6 

10. Mysore .. 

• * • • 

3,372-8 

11. Orissa 


2,062-0 

12. Punjab & Haryana 

• • * • 

1,360-6 

13. Rajasthan 

« • ■ • 

149.0 

14. Uttar Pradesh 

• s • • 

3,764-0 

16, West Bengal 

* » ■ • 

22-0 

16. Himachal Pradesh 

> • • « 

1,867 ..5 

17. Manipur 


866-0 

Total 

.. 

41,165 •5 


SoiTRCS!—Central Water and Power Commission. 


The distribution of energy potentials of all possi¬ 
ble hydel schemes, region-wise, is set out in Table 
4.6: 

Table 4.6 

Hydel Energy Potentials of Various Regions of 
India 


(Hydel potential) 


Regions 



Billion 

kWh 

Per^en- 
trae of 
Total 

Eastern 


. . 

14-2 

6-5 

Northern ,, 



36.6 

16-9 

Central .. 



43-9 

20-3 

Western 



13-6 

6-3 

Southern .. 



42-6 

19-7 

Assam ., 



66-6 

30-3 

Total .. 



216-4 

100-0 


4.18. The above power potential has been 
worked but at 60 per cent load factor tfiff even¬ 
tually the potential may have to be worked out 
on a lower load factor, as most of the hydrb- 
elcctric stations will be used as peaking stations. 
Of the total power potential, about 10.3 million 


•This has been given in detail in the Eeport of the Energy Survey of India Committee 1965—Anneiure 3 prepared bv the 
CW&B3. 







kW i.e. 25 per cept represents potential of 
simple “run-of-the river” type projects in the 
Himalayan ranges and the rest “storage projects” 
(Energy pofefiEal will be 54 billion kWh). “High 
head” type projects utiUsing drops over 300 
metres account for about 13.63 million kW with 
energy potential of 71 billion kWh. “Medium 
head” type projects i.e., drops from 30 metres to 
300 metres account for 23.86 million kW with 
energy potential of 126 billion kWh and “Low 
head” projects ranging from 8 to 30 metres main¬ 
ly “lift” dams below the major reservoirs have 
a total of about 3.66 million kW with energy po¬ 
tential of 19 billion kWh. These hydro-electric 
resources are widely distributed all over the 
country, there being few regions of the country 
which are situated more than 500 km from major 
concentrations of hydro power such as the (Ma¬ 
layan sources, the Shillong plateau, the Eastern 
Ghats a nd the Western Ghats which utilise the 
natural aStTlnTages of the mountains. Schemes in 
the middle and lower reaches of rivers like the 
Narmada, the Chambal. the Sone, the Mahanadi 
and the Godavari derive their potentials from the 
topo^aphic characteristics permitting the con¬ 
struction of large reservoirs. 

4.19. Schemes which are currently in opera¬ 
tion or under construction or whose investiga¬ 
tions have been completed cover potentials of 
about 6 million kW, 1.2 million kW and 4.4 mil¬ 
lion kW respectively. The exploitation of hydro 
electric potential has been minimum in the North- 
Eastern region which actually contains the lar¬ 
gest potential of all the regions. Table 4.7 indi¬ 
cates the estimated hydro electric potential avail¬ 
able and the quantity developed and under deve¬ 
lopment. 

Table 4.7 


Regionwise Oistribution of Hydro Electric Re¬ 
sources and Their Utilization {as in 1970) 


Region 

Total 
resources 
at 60% 

LP (MW) 

Resources 
deve¬ 
loped 
and 
under 
develop, 
ment (MW) 

Porcen- 
tage of 
utilisation 
(i. e. of 
col, 3 to 
col 2.) 

Sottthern 

8,097 

3,221 

38-8 

Weitetn 

7,189 

942 

13-1 

Kotthern 

10,731 

2,461 

22-8 

Eastern 

2,694 

475 

21-3 

North.Eaetern 

12,464 

38 

0-3 

iTotal 

41,165 

7,226 

17-6 


Soubob;—R eport of the Power Economy Committee 1971. 


Nearly one-third of the remaining potential of 
29.5 million kW which has yet to be established 


by field investigations, represents potential of 
“run-of-the-river” projects. This does not require 
extensive investigations as the dependable power 
drafts have been estimated on the basis of gauged 
data available for the Himalayan rivers for fairly 
long periods. 

4.20. In the HTinarayan region there is consi¬ 
dered to be a scope for possible upward revision 
of fhe estimated hydro electric potential. The 
‘Seasonal’ energy potential that would be avail¬ 
able largely at the sites of multipurpose projects 
in Peninsular India has not been included in the 
above estimates. The Power Economy Committee 
expressed the view that “on the basis of the latest 
information regarding hydel energy resources and 
their economics of development, it would be 
possible to instal about 80 to 100 million kW of 
hydel capacity on our river systems during the 

next two to three decades.In the absence 

of details this committee has taken note of the 
hydel potential as indicated by CW & PC. The 
Committee would recommend that a more syste¬ 
matic delineation of our hydro-electric potential 
should' be taken up as soon as possible. 

4.21. The Government have recently taken 
steps to declare water as a national asset. This 
measure has come none too soon. If India is to 
make full use of its vast hydro electric resources 
a national approach would be necessary and the 
hydro electric power generation being the cheap¬ 
est method of generating energy, full attejjiton 
should be given to the development of these re¬ 
sources in as economically and speedy a manner 
as possible. The first step required is the detailed 
■investigation of the untapped resources in diffe¬ 
rent regions of the country. Possibly one factor 
which might have deterred the exploitation of 
hydro power in the Himalayan and Assam re¬ 
gions was the lack of demand for power locally 
as well as practical difficulties in tapping the re¬ 
sources. With the concept of a national power 
grid coming into existence, electric power should 
be developed wherever it is possible to do so 
economically and be fed into the national grid 
for transmission to the load centres. 

Nuclear energy 

4.22. Uranium is the only primary fuel that 
can be directly used in nuclear reactors. Exten¬ 
sive prospecting and exploration efforts of the 
Department of Atomic Energy during the last 
two decades have led to the discovery of a num¬ 
ber of occuirences of uranium in India. The 
most important region in India for uranium ore 
is the Singhbhum region in Bihar. The Jaduguda 
mines and the Narwapahar mines situated in 
this area are the most important uranium mines 
so far. There are also other possible uranium 
deposits in the Singhbhum belt. The copper 
deposits of this region also contain small amounts 
of uranium. The tailings from the copper mines 
near Jaduguda may yield uranium at economic 
prices. 
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4.23,. The reasonably well assured uranium re¬ 
sources in India are about 22.000 Te U,0, with 
an additional inferred reserves of 24.000 Te U,0,. 
Uranium mined in India is slightly more expensive 
than in many other countries, since the uranium 
concentration in the ore is relatively low in India. 
However, this is not of any grave consequence 
as the fuel cost forms only a small component 
of the total unit energy cost from a nuclear power 
station. 

4,24. The Government have already initiated a 
nuclear power programme based on natural ura¬ 
nium fuelled and heavy water moderated and 


potentially available from the known thorium re¬ 
sources. 

*Noo-coBTaiiamia] Moice* of enengy 

4.26. This term is used to cover sources of 
energy such as Solar energy. Geo-thermal energy. 
Tidal power. Wind power and Chemical sources. 
As would be seen from the assessment made in 
the following paras, these sources would be of 
negligible value in the next few years, as a source 
of supply for the country’s energy needs, though 
R & D in identified areas of application holds 
considerable promise. 


cooled reactors. Except for the first nuclear power 
station of 400 MW at Tarapur which requires 
enriched uranium as fuel, all use natural uranium 
as fuel. At present 600 MW nuclear generating 
capacity is in operation in Maharashtra/Gujarat 
and Rajasthan, another 640 MW is under cons¬ 
truction in Rajasthan and Tamil Nadu and the 
construction of a 440 MW power station in 
Uttar Pradesh is about to start. As these first 
generation power stations would need a loading 
of about 4 kg of uranium per kW installed for 
30 years of operation, the presently proved and 
inferred uranium resources in India would sup¬ 
port only about 10.000 MW of installed nuclear 
capacity based on the current type of nuclear re¬ 
actors. Moreover, out of the 120 kg uranium 
that will be loaded every year per MW of instal¬ 
led nuclear capacity about 2 kg only will be ac¬ 
tually consumed in the reactor and 0.5 kg of 
plutonium will be produced. The rest of the ura¬ 
nium cannot be used as such in the present type 
of nuclear reactors. Nevertheless, the plutonium 
produced in these reactors and the discharged 
(i.e., used) uranium, could be used in fast bree¬ 
der reactors which are being developed in India 
and are expected to be in commercial operation 
before the end of the next decade. Once these 
fast breeder reactors come on line by 1985—90. 
they will produce more plutonium than they 
would bum, and then the uranium resources 
available in India would be able to support ateut 
600,000 to 10,00,000 MW of installed capacity 
for a life time of 30 years. Thus the potentially 
available energy from the presently known ura¬ 
nium deposits in India would amount to about 
120 X 10* to 200 X 10* billion kWh of electri¬ 
city. 

4.25. Thorium reserves in India are the lar¬ 
gest in the world and are estimated at about 
4,50.000 tonnes. Besides, the fast breeder reac¬ 
tors would be able to produce fissile Uranium— 
233 from thorium that is abundantly available in 
India. After the fast breeder reactors passed on 
thorium are introduced, there will be virtually 
no limit to the capability to generate electricity 
from the resources point of view, as a total of 
about 2.4 X 10* billion kWh of energy vrill be 

seation has been prepare4 with co-operation 

TeobnoIOTy, 


Sobr eneigy 

4.27. The annual average intensity of solar 
radiation in India is 600 calories per square cen¬ 
timetre per day. As the radiation is intermittent 
and variable in its availability, the typicak clear 
sky intensity has been estimated at 1 kW per 
square metre of which one-half is from visible 
light, most of the balance near infra-red-radiation 
and a very small amount of ultra violet radia¬ 
tion. Tapping of solar energy can be effected 
either through flat plate collectors or focussing 
collectors. All practical solar energy systems now 
in use are of the flat plate variety. Materials, 
costs and operating problems arc stated to be 
coming in the way of focussing systems being 
used widely. The popular applications of solar 
energy are solar evaporation in the salt industry, 
water heating, desalination of water through dis¬ 
tillation. solar drying, solar cells. Other fields 
where solar energy can be applied arc refrigera¬ 
tion. air conditioning, water pumping, cooking, 
conversion through plants into liquid and solid 
transportable fuels. In India, research has been 
conducted on the use of solar energy in several 
institutions like: 

(i) Central Building Research Institute. 
Roorkce, which has designed a flat plate 
solar energy collector and solar water 
heaters; 

(ii) Central Salt and Marine Chemicals Re¬ 
search Institute. Bhavnagar, which is 
conducting investigation on solar radia¬ 
tion, solar distillaiton, solar ponds etc.; 

Oil) Defence Laboratory, Jodhpur, where an 
equipment for treating living space at 
high altitudes, solar stills, solar water 
heaters and hot boxes have been deve¬ 
loped; 

(iv) Solid State Physics Laboratory (SSPL). 
where the work on solar cells such as 
Silicon. Galhum Cells and Telleurium 
Cells is underway; 

(v) Auroville School of Environmental 

fohflichcrry. where a project 
of Natural Energy based Eco-house" 

of the secretariat of the National Coinralttee or 



30 


is proposed. The solar energy would be 
utilised for heating water and day time 
cooking by low pressure steam, tne 
development of solar pumps is also p 
posed; t 

(Vi) At Central Arid Zone Research Insti¬ 
tute some work is being carried out on 
solar beating; 

(viD Academic institutions like IIT, Madras. 
Jadavpur University. Regional Engineer¬ 
ing C&lege. Allahabad etc. are studying 
“nd expefimenting with 
of utilisation like heating/cooling etc. 

The most important requisite for large scale use 

solar energy. 

One Dossible method of directly utilising solar 
crSm rS pie fuel through photo-synthe- 
In Sis method, certain selected fuel species 
Jre Sown i^areas which have low soil fertility 

md the wood extracted P'SHuS 

used mainly as fuel or converted to liquid tu^ 
(Methanol).^ With a photo-synthesis conyension 
Efficiency of 0.5 per cent, it has been estirnated 
that from one hectare, 5 tonnes of oil or 32,uuu 
kWh of electricity could be obtained P®{ 

We do not have large areas of ^ ^ 

not have a better alternative use which could 
support such plantations now. It is, therefore, 
Sen that'Uy significant energy cont^on 
can be obtained through this process in the years 
upto 1990-91. 

Geo4lieniial energy 

4 28. Hot springs, which are the sources of 
geo-thermal linergy occur in four regions in the 
country, viz. (1) N.W. Himalayan ranges covenng 
areas in Ladkh. Himachal Pradesh^ Punjab and 
U P (2) Narmada-Sone Valley (3) Damodar Val¬ 
ley and (4) the West Coast. Explorations prima¬ 
rily at Manikaran and later in the West Coast 
have been included in the UNDP country pro¬ 
gramme which envisages geolopcal. geo-physical 
and geo-chemical surveys, initially by surface ex¬ 
plorations followed by appropriate well dnlling 
and testing programmes. Another programme tor 
exploratory work in respect of other areas in 
N.W. Himalayas and Narmada-Sone areas has 
also been drawn up by the NCST Expert Group 
oh natural resources. Preliminary analysis reports 
indicate that out of 253 springs in the county. 
103 are Hot. having a temperature above 37 C. 
The Hot Springs Committee 1966 had considered 
the Puga springs in Ladakh and Manikaran in 
H.P. as the two most prospective geo-thermal 
fields in India. The optimum power generation 
possible at Manikaran taking into account esti¬ 
mated rate of flow, pressure and temperature 
was estimated by them at 350 kW. Their rough 


estimates for Puga and Cambay were 400 kW 
and 1850 to 2300 kW respectively. Even though 
quantitatively geothermal energy is not very im-r 
portant in India, some of these sources like Puga 
in Ladakh have locational advantage which can¬ 
not be ignored. In June—September 1973 the 
GSI led a multipurpose drilling exploration in 
Puga Valley with specialised assistance from 
NGRI, AMD. IIT Kanpur. IIT Delhi and Roor- 
kee University. This project consisted of shallow 
drilling operations at about 15 sites. Central heat¬ 
ing by geothermal energy was also successfully 
demonstrated. The exploration experience from 
Puga multipurpose project indicates that the total 
power potential in geothermal energy may be 
.several megawatts. 

Tidal power 

4.29. An expert panel of the National Com¬ 
mittee on Science and Technology has examined 
the tidal data and indicated the following pro¬ 
mising sites (i.e. tidal range above about 5 
metres) for tidal power generation: 


4roa 


Approximate 
potential Spring 

power output Tidal Bange 
(MW) 


1. Bhavnagar (Gulf of Cambay) 

460 

10'8 metres 

2. Navalakhi (Gulf of Kutoh) 

123 

7-6 metres 

.9. Diamond Harbour (Hooghly 
river) 

56 

5’9 metres 

4. Saugar (Hoogly river) 


4'9 metres 


Subsequent examination proved that the total 
potential of tidal power would be around 300 
MW. The Gulf of Cambay appears to have the 
maximum power potential but problems of situa¬ 
tion will have l,o be overcome. At Navalakhi sil- 
tation is low which makes it a more favourable 
area though extensive survey data is called for. 
However, before any tidal power potential can 
be tapped, considerable preparatory action in¬ 
cluding the design and manufacture of a suitable 
turbine is necessary. 

Wind milb 

4.30. The potential in wind mills has been 
broadly assessed by considering extensive wind 
data available with the Indian Meteorological 
Department from over 400 meteorological sta-, 
tibns in the country. Wind mills can be installed 
for operation in such parts of the country where 
wind speeds of over 10 kmph are prevalent, e.g.. 
parts of coastal regions. Rajasthan. Gujarat, 
Maharashtra and Mysore. Whilst suitable wind 
mill designs have been developed by NAL. they 
have not been popularised because extensive field 
trials to demonstrate their technical/economic 
viability when put to specific applications have 
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oot been conducted. Demonstration projects for 
extensive field trials of clusters of wind mills for 
pumping for and power generation applications 
have been worked out by an NCST expert panel. 
Whilst NAL have wound up all work on wind 
mills, CAZRI. Jodhpur and Auroville School of 
Environmental Studies, Pondicherry are at pre¬ 
sent actively working on research projects. CPRI 
has also started work on wind electric generator. 
The NCST panel has also recommended that 
design drawings indigenously available for foreign 
5—10 kW win'd electric power generators be 
studied to examine whether a few could be manu¬ 
factured and installed at a favourable location 
to establish and demonstrate its techno-econo¬ 
mic viability. 

Chemical sources of energy 

4.31. The NCST had conatjtuted .an expert 
panel to assess the potenital in chemical sources 
of energy. The panel has indicated that major 
thrust of R & D efforts should be directed to 
those areas of gpidicatioo, which could lead to 
reducing dependence on petroleum products, such 
as motor gasoline, HSDO, kerosene, and non- 
cohiracrcial sources of energy. The grojip has 
identified the following as potential ateas for 
further work; 

(i) Battery powered vehicle, initially based 
on lead acid battery. 

(ii) Fuel Cells. Rural electrification, parti¬ 
cularly of villages having a population 
of 500 and below: To meet the objec¬ 
tives of these programmes, the develop¬ 
ment on the following advanced chemi¬ 
cal energy sources have been identi¬ 
fied— 

(a) Development of Sodium Sulphur Bat¬ 
tery 

(b) Development of Metal-Air Cell 

(c) Development of HjOj Cell 

(d) Development of Lithium Cell. 

NoUi-Coinnierdal fuds 

4.32. Nearly one half of the total energy con¬ 
sumed in the country comes from non-commer¬ 
cial sources such as firewood (including charcoal), 
cowdung and vegetable waste. The dependence 
on these , fuels is maximuip in the domestic .sec¬ 
tor. This has led to large scale denudation and 
destruction of forests. Out of the total geographi¬ 
cal area of 3.27 million sq km. forests in India 
occupy about 0.75 million sq km (i.e. about*'2? 


per cent). The percentage of forest area to the 
total land area as well as the per capita forest 
area in India is much lower than the world 
average. The Natioiial Fortsts Policy Resolution 
l^jd do^vn that the, area imder forests be steadily 
raised to 333 per cent of ’the, total geographical 
area, the proportion to be aimed at being 60 
per cent in hill regions and 20 per cent in plains. 
The area under forests during 1960-61 and 1969- 
70 and its break-up according to the exploitation, 
legil status, composition and ownership is given 
in Table 4,8. 


Table 4.8 

Area under Forest in thousand hectares 


Description 

1960-61 

1969-70* 

1. From point of view of exploitation 


(a) Exploitable ,. 

46.S90 

46,580 

(b) Potentially exploitable 

10,020 

14,760 

(c) Otners ,, 

10,270 

14,690 

Total 

68,960@ 

75,030 

2. By ownership 



(a) State ., 

66,240 

71,170 

(6) Corporste bodies 

2,290 

2,480 

(c) Private individuals 

1,430 

1,380 

Total .. 

96,960 

76,030 

3. By legal status 



(o) Reserved ., 

31,610 

38,070 

(6) Protected 

24,060 

24,460 

(c) Unolassed 

11,210 

12,610 

Total 

68,960@ 

76,030 

4. By Composition 



(a) Coniferons 

4,430 

4,180 

(t) Broad leafed 

64,530 

70,860 

(i) Sal 

11,360 

11,300 

(ii) Te|ik 

8,760 

7,340 

(tti) imso. 

44,430 

62,210 

Total .. 

68,960 

76,030 


•Prowtmsl. 

(gliiidiiiira 2- bs millioni' beotorea for whicth details itot 
availsblsi. 

^fottree; India 1273; 
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4.33. The statewisc distribution of the forest 
area is given in Table 4.9; 

Table 4.9 

Statewise Distribution of the forest area in India 
i« 1969-70 


atate/Union 

Territory 

Foreat 

area 

(Million 

heotarea) 

%of 
foreat 
area to 
geo¬ 
graphi¬ 
cal 
area 

Exploi¬ 
table 
area 
(foreat 
in uae) 

Poten¬ 

tially 

exploi¬ 

table 

area 

1. Andhra Pradesh 

6,612 

23-63 

4,836 

1,676 

2. Aasam (inoluding 
Meghalaya A 

Mizoram) 

4,442 

36-38 

1,609 

200 

3. Bihar 

@@3,069 

17-69 

2,107 

062 

4. Gujarat 

1,800 

9-18 

1,613 


6 . Haryana 

143 

3-21 

67 

30 

6 . Himachal Pradesh 

2,160 

38-78 

1,203 

447 

7. J. A K. 

2,106 

9-47 

1 ,888* 

246 

8 . Keraja 

1,260 

32-66 

108 

244 

9. Madhya Pradeah 

16,813 

37-97 

10 ,1'2 

3,987 

10. Maharashtra 

6,696 

21-76 

3,829 

2,471* 

11. Myaore 

3,510 

18-30 

2,616 

896 

12. Nagaland 

290 

17-64 31 

207 

13. Orieaa 

e,746@ 

43-29 

6.383 

1,042 

14. Punjab 

202 

4-01 

90 

. . 

16. Rajasthan 

8.760@ 

10-90 

2,810 


16. Tamil Nadu 

,210 

16-99 

1,419 

791 

17. Uttar Pradeah 

' 4,872® 

16-66 

3,462 

701 

18. West Bengal 

1,183 

13’47 

1,080 

66 

19. Manipur 

602 

26-92 

291 

311 

20 . Tripura 

630 

60-11 

240 

190 

Union Territory 

1 . A A N laland 

747 

9011 

603 

243 

2. Dadra A Nagar 
Haveli 

21 

42-86 

21 


3. Delhi 

6 

3-36 

3 

, , 

4. Goa, Daman A 
Diu 

106 

27-66 

95 

10 

5. Arunaohal Pra¬ 
deah 

6,164 

61-67 

34 

62 

6 . Others 



-• 

•• 

7. All India 

78,033 

22-87 

46,670 

14,760 


*Eetimated. @1969-69 figure repeated. 

@@1967-68 figurei repeated. 

Softrce —^Taak Force on ForeatJDevelopment. 


4.34 The main object of forestry development is 
to meet the immediate and long-term agricul¬ 
tural and industrial requirements since the de¬ 
mand for various forest products, timber, do¬ 
mestic fuel and raw materials for industries has 
increased rapidly. Consumption of industrial 
wood in 1968-69 was estimated at 11 million 
cubic meters while the demand by 1973* 


74 is projected at 16 to 17 million cubic 
meters. It is expected that the supply may 
be increased to 13.5 million cubic meters by 
1973-74 leaving a deficit of 2.5 to 3.5. million 
cubic meters of titaiber required for industrial 
use alone. Table 4.10 shows the quantity of 
timber and firewood produced during selected 
years in the period 1950-51 to 1969-70: 

Table 4.10 

Production of Timber and Firewood 


(Quantity in 000’ cubic raetera) 


Year 


Timber 

wood 

Fuel 

Total 

1950-51 

.. 

3,843 

11,948 

1 6,791 

1955-66 


4,157 

10,810 

14,967 

1960-61 

. 

5,428 

11,644 

17,072 

1066-66 

• « • 

8,610 

12,094 

2,704 

1969-70 

. 

8,930 

12,860 

21,790 


Source : Task Force on Forest Development. 


4.35 The recorded fuel wood output in 1969-70 
was 12.86 million cubic meters or about 9 
million tonnes. The actual consumption of fire¬ 
wood is, however, reported to be of the order 
of over 100 million tonnes, the balance of over 
90 million tonnes coming from unrecorded fell¬ 
ings and removal from ‘treelands’ outside the 
forest area. It has been estimated that upto 1985 
the output of fuelwood from forests would in¬ 
crease at the rate of 0.5 million tonnes per year 
as a result of conservation and protection mea¬ 
sures. With the creation of plantations of fast 
growing species likely to yield about 17.5 mil¬ 
lion tonnes more, the total availability from 
recorded fellings might go upto about 35 million 
tonnes. If strict control is not exercised, un¬ 
recorded removal of wood from forests and fell¬ 
ings in ‘treelands’ might continue at the present 
rate of about 90 million tonnes or go down 
slightly giving a total availability of about 120 
to 125 million tonnes by 1985. The forecast of 
the demand is somewhat higher. In view of 
this, a serious shortage in the availability of 
firewood is apprehended if afforestation pro¬ 
grammes with quick growing species of fuel 
wood are not taken up immediately on a large 
scale or if the use of firewood/clmrcoal is not 
discouraged by popularising substitute fuels. 

4.36 The other major non-commercial fuel in 
India is cowdimg. As this is mostly obtained 
free of cost and from cattle owned by the vil¬ 
lagers. no reliable record of the quantity is 
available. But it is possible to get a judgement 
of the level of availability from the ^pulation 
of cattle and the normal yield of dung per 
annum per animal. The 1966 Cattle Census esti¬ 
mated the total cattle population to be about 
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230 million animals. An NCAER study has pro¬ 
jected the level of cattle population as 280 mil¬ 
lion numbers by 1975-76. Taking the 1966 popu¬ 
lation of cattle and the as.ses6mem made by 
field studies that the average yield of diy dung 
per day per animal as 2 kg. (10 kg wetdung) 
the annual yield can be estimated to be 170 
million tonnes of dry dung. It is, however, neces¬ 
sary to note that only 10 per cent of the cattle 
population is stabled and the rest of the animals 
are left astray in the forests and fields most of 
the time. It is difficult, tl\creforc, to estimate 
the quantity of dry dung that could be recover¬ 
ed for use. The level of consumption of dung in 
1965 is 61 millioq tpqpes, 50 TOr cent of dung 
production may be taken as tne limiting level 
of possible use. 

4.37 In the case of vegetable waste such as 
rawdust, paddyhusk. coconut shells, bagasse. 


dry leaves etc., also, there is not likely to be 
any availability constraint in view of the pro- 

i 'ected increase in agricultural output. However, 
lagassc which is one of the vegetable waste pro¬ 
ducts most widely used aa. fqfT both in the do¬ 
mestic sector as well as in industries like sugar 
mil|.s, has got a much > better use as a raw 
material for paper manntacture. The availabili¬ 
ty, of dry bagasse is estimated at 14 per cent of 
the total quantity of sugarcane [Crushed. About 
130 million tonnes of sugarcape is grown now 
of which at least 100 million tonnes is crushed 
for sugar." kl^andsari or jaggery naanufacture. 
Availability of baggasse may be assumed as 14 
million tonnes. In view of the need to divert 
baggasse for industrial use. this resource is not 
to be counted upon for fuel purpose. There are 
no records to show the quantity of other vege¬ 
table wastes that would be available. 


L/P(D) lOSMofEnergy—4 



CHAPTER V 

REGIONAL DISTRIBUTION OF DEMAND FOR ENERGY 


5.1. lo a large country like India, efficient 
development of energy resources would call for, 
not merely a reliaWe forecast of the level of 
demand for different fuels in the country as a 
whole, but some broad pattern of the likely spa¬ 
tial distribution of this demand among the diffe¬ 
rent regions of the country. There have been 
very few attempts* in the past to make any sys¬ 
tematic study of energy consumption at ffie 
regional or State level. Most of the past data in 
reliable official records relate to energy consump¬ 
tion in the county as a whole, the only excep¬ 
tion being electricity data which is available 
state-wise. The reorganisation of States, the diffe¬ 
rence in the quality of statistics compiled in ttie 
different States, the lack of past data in some 
imion territories make a study of the regional 
energy consumption in the past very difficult. 
The Committee felt that in spite of the serious 
limitations of data, a study of the past trends 
in the energy consumption in the different regions 
should be attempted and the likely future dis¬ 
tribution of demand for energy as between the 
regions indicated. 

Regtons for Energy Studies 

5.2. For the purpose of this Report, the coim- 
try has been divided into four regions which 
closely correspond to the five regions adopted for 
power planning purposes with the aggregation 
of East and Norffi-I^st into one region. The 
lack of reliable past data of the consumption of 
different fuels and the difficulties of projecting 
demand for the North-Eastern region have pro¬ 
mpted the adoption of a simpler four region 
classification as follow;— 


Region 

^States which comprise the 
region 

Northern Region 

Uttar Pradesh, Rajasthan, Fim- 
jab, Haryana, Himoohal Pra- 
deA, Jammu and Kashmir. 

Eastern Region 

.. Bihar, West Bengal, Orissa. 
Assam (including Meghalaya. 
Mizoram and other States). 

Western Region 

Madhya Pradesh, Maharashtra, 
and Gujarat. 

Southern Region 

Andhra Pradesh, Kerala, Mysore 
and Tamil Nadu. 


♦The want of adequate data, the Union Territories hav 
ot been inoinded. 


5.31. The first step in the projection of the 
future energy'demand is the study of the past 
trends in the consumption of energy in different 
regions. (It is relevaht to state here that in the 
regional demand studies, non-commercial 
energy consumption has been included). Tota 
commercial energy consumption in the different 
regions and the consumption of different fuels 
from 1960-61 to 1970-71 is summarised 
Table 5.1. 

Table 5.t 

Statement o/ Commerciai Energy Consumption — 
Regionwise* from 1960-61 to 1970-71 


(Figures in meter) 




Begious 



Nor¬ 

thern 

Eas¬ 

tern 

Wes¬ 

tern 

Sou¬ 

thern 

1960-61 





Total C.E, Consump¬ 
tion 

1316 

23-90 

22-43 

14-47 

(a) Coal .. 

4-43 

12-60 

4-01 

1-66 

(5) Oil 

6-68 

7-18 

14-31 

9-06 

(c) Electricity 

2'16 

4-12 

4-16 

3-75 

1966-66 

Total C.E. Consump¬ 
tion 

(o) Coal .. 

25-68 

7-90 

38-42 

19-20 

39-62 

7-70 

26-40 

2-50 

(5) Oil 

11-92 

12-24 

24-28 

16-60 

(c) Electricity 

6-76 

6-98 

7-64 

6-40 

1970-71 





Total C.E. Consump¬ 
tion 

39-78 

42-92 

66-66 

38-38 

(a) Coal 

8-20 

17-90 

8-90 

2-80 

(6) Oil .. 

20-65 

14-64 

34-01 

23-32 

(c) Electricity 

10-93 

10-48 

13-74 

12-26 


♦Consumption by Railways and the consumption in 
Union Territories are not included. 


5.4. It is interesting to examine the percentage 
share of each region in total commercial energy 
consumption and compare the results with the 


♦The noteworthy exercises in this regard are those made by Energy Survey Committee (1966) and the studies of the N.C.A,E.B 
of the Energy Demand for different regions. The former is a sketchy one while the latter assumes that the rate and pattern of indus¬ 
trial development in different States woiild be the same os suegested by N.C.A.E.R. in the earlier reports on the induatrialProgramme 
of different States. 
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percentage share of population. Table 5.2. sets 
out the results. 

Table 5.2 

Percentage distribution of energy consumption 
Regionwise during 1960-61 twd 1970-71 

Percentage of commer- 
oial energy oontiump- 
tion of the totat 
Region comraoroial energy 

consumption 



1960-61 

1970-71 

Northern 

18 

22 


(27-06) 

(26-73) 

Eastern 

32 

24 


(22-61) 

(22-44) 

Western 

30 

32 


(21-06) 

(21.66) 

Southern 

20 

22 


(26-13) 

(24-67) 


Notes (1) Figures in brackets indicate percentage of 
total population in each region. 

(2) The figures in brackets do not add upto 100 
as population of Union Territories is excluded 

5 5. In 1960-61, the Eastern and the Western 
regions, which had only 22.5 per cent and 21 
per cent of the total population, consumed about 
33 per cent and 31 per cent of commercial 
energy; while in the Southern and the Northern 
regions the percentage share in population was 
larger than the percentage share in energy con¬ 
sumption. By 1970-71, a more equitable distribu¬ 
tion of energy consumption was attained. Per¬ 
centage share of the Southern and the Northern 
regions increased: but between the Eastern and 
the Western regions, the latter came to occupy 
the first position as the largest constimer of 
conunercial enegry even thpu^ resourcewis<* the 
Eastern region was better ^dowed with energy 
resources and the Western was the poorest of the 
four regions. From general observation, it may 
be stated that within the Western region, the 
Eastern part has energy resources while the 
energy demand has come up in a large way in 
the Western part of the region. 

5.6. An analysis of the rates of growth of 
commercial energy consumption in the defferent 
regions during the ten year period between 1960- 
61 and 1970-71 and during the two semi-decades 
that comprise this period shows interesting facts 
as given in Table 5.3. 


Table 5.3 

Regionwise rates of growth of consumption of 
commercial energy 



(Figures 

in % 

per year) 


1960-61 

1965-66 

1960-61 

Region 

to 

to 

to 


1966-66 

1970-71 

1970-71 

Northern 

14-2 

9-2 

11-7 

Eastern 

10 -0^ 

2-2 

6-0 

Western 

120 

7-6 

■'‘’'9-7 

Southern 

11-9 

8-6 

10-2 


5.7. The growth in commercial energy consum¬ 
ption was moving along the right direction dur¬ 
ing 1960-61 to 1965-66. In the latter half of 
the decade, the Eastern region suffered a severe 
industrial recession. As a result; by the end of 
the Sixties, the Western region which is the 
forest in energy resources emerged as the 
highest consumer of commercial energy. 

5.8. Per capita consuption of commercial 
energy in 1960-61 and 1970-71 is shown in 
Table 5.4. 

Talbe 5.4 

Percentage consumption of commercial energy 
(excluding Railways) Regionwise 1960-61 and 


(Figures in tenne of coal replacement) 



Per capita consump 
stion 01 oommeroial 


energy in 


1960-61 

1970-71 

Northern 

0-107 

0-266 

Eastern 

(66-2) 

0-208 

(81-8) 

0-302 

Western 

(126-8) 

0-239 

(93-3) 

0-477 

Southern 

(146-7) 

0-120 

(147-2) 

0-281 


(73-2) 

(86-7) 


. Note (Figures in brockets represent the index of per capita 
consumption with All-India per capita consumption=100) 


By the beginning of the Seventies, the per 
capita consumption of energy has evened out a 
little in all the regions except the Western region. 

5.9. The Committee’s studies reveal that there 
was a large increase in commercial energy con¬ 
sumption over time per unit of national income 
during the decade of the Sixties. TTiis is due to 
the intensity of energy use increasing in the 
mining and manufacturing sector as well as in 
agriculture sector. There are difficulties in sepa¬ 
rating the influence of different factors which in¬ 
fluence the growth of commercial energy con¬ 
sumption- During the i»riod 1965-66 to 1970-71 
the income from mining and manufecturing 
^?.ctor grew in aff the State (and regions) a( 
lower rates than in the earlier semi-decades, but 
the State incomes in many States grew at a higher 
rate. The commercial enei^y consumption in all 
the States increased at a lower rate during the 
latter half of the Sixties as compared to the 
earlier half. 

5.10. Projection of fatnre demand—Based on 
the survey of regionwise past trends of com¬ 
mercial energy consumption, the possible rates 
of growth of such consumption in the future 
could be attempted. On the basis of Case-II esti¬ 
mates mentioned in Chapter HI, the total com¬ 
mercial energy demand is estimated at 898 mter 
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by 1990-91. The distribution of this total demand 
bety/een the different regions could be attempt¬ 
ed by- 

la) projecting the demand on the basis of 
past correlation between ener^ con¬ 
sumption and regional incomes and 
using the regression models to project 
future consumption assuming certain 
levels of income growth; or 

(b) by working put the picture of possible 
growth in different sectors in each 
region and computing the energy needs 
for each sector; or 

(c) by assuming certain policy objectives 
regarding energy consumption in future. 

5.11. The Committee examined all the alterna¬ 
tives. Several regression models correlating total 
energy consumption, and consumption of diffe- 
lent fuels with economic indicators were con¬ 
sidered. In most of the cases the correlation was 
not significant. Further, the Committee felt that 
an extrapolation of the past trend would only 
perpetuate regional imbalances in energy con¬ 
sumption,. The regression model would still leave 
the question of choosing alternative patterns of 
economic growth in different regions (which pro¬ 
vide the explanatory variables) to subjective con¬ 
siderations. The second method listed above 
would call for economic development plan for 
different regions being worked out by the Com¬ 
mittee, which is beyond the terms of refer¬ 
ence of the Committee. TTie third method 
of .projecting the distribution of energy demand 
in,different regions by assuming certain policy 
objectives involves first the prescription of the 
policies. The Committee is not in a position to 
stiggest regional policy objectives in the energy 
sector without intergrating these poCcies with 
the overall policies for regional development or 
industrial location policies to be adopted by the 
Government. But a hypotetical exercise of 
what is likely to be the trend in consumption 
in different regions if the policies were framed 
so as to ensure equalisation of per capita com¬ 
mercial energy consumption in different regions 
ivithin a given time frame was attempted merely 
to show the extent of modifications to current 
trends that such.; a fxilioji w(6uld call for. It was 
assuhicd that per capita commercial energy 
consumption would be a broad representative 
measure of the per capita income in the diffe¬ 
rent regions and that a policy would be operat¬ 
ed to remedy regional imbalances in such a 
manner that it would be reflected ultimately in 
the per capita energy consumption in different 
regions being equal. It was further assumed that 
by 1990-91, the regional imbalances would be 
Corrected in this manner. The conclusions of this 
exefcise are presented not as a recommendation 
that action should be taken in this direction but 
to indicate the changes in trends of energy con¬ 
sumption that would be called for and to recom¬ 
mend the formulation of overall poli^ ^towards 


regional development and particularly for an 
industrial location policy- 

5.12. This exercise involved first the projection 
of: population of the different regions upto 1990- 
91. No official estimates of population,in diffe¬ 
rent regions upto 1990-91 have been made. Some 
tentative estimates were made by the Committee 
on the basis of available information. 

Table 5.5 

Estimated Regionwise Population 


(In mi’lion) 


Region 

(a) 1970- 
71 

(b) 1978- 
79 

(r) 1990- 
91’ 

Northern 

160-1 

180 

213 

Eastern 

142-2 

167 

197 

Western 

118-8 

137 

162 

Southern 

136-7 

153 

181 

Total . 

. 547-9 

637 

765 

(a) 1971 Census 


(•>) As indi 'atel in tl’e lon.Et-term perspective (ppludod in 
the Draft Fifth Plan Regional hr -ak-up made on the 
lines of Exp rt Cmmiteo on Population projects. 

(c) AsbumiT; the same rat > of prowlh of population in 
all re ions and the rate of prowth indicated fo'-the 
I’Brio<t IfiSl'Se in the Draft PiUh Plan to continue for 
the next 5 year period also. 

5.13. Based on these tentative estimate of 
population in different regions and the assump¬ 
tion that per capita consumption of commercial 
energy for all the regions should be equal, the 
distribution of energy consumption as betwben 
the different regions was computed.'’The rates of 
growth of commercial energy consumption " that 
this would imply in the period 1970-71 to 1990-91 
were compared with the past growth ratfeS in com¬ 
mercial energy consumption. The results of this 
study are set out in the Table 5.6. 

Table 5.6 

Estimates of regionwise consumption of com¬ 
mercial energy and the implied rates of growth 
of consumption. 


Energy Rate of growth % 

consump- --—^— 

tiou in Imp- Aotusil 

million liod- 

tonnes of bet- 1960- 1960- 1966-"' 
ooal replace- ween 61 61 1166 

ment in 1970- to to c to 

-- 71 1970- 1986- 1970- 

1970 1990- and 71 66 71 

71 91 

(Ac- (Anti- 1990- 
tual oi- 91 

pated) 


1 

2 

3 

4 

6 

6 

7 

Northern 

.. 29-78 

264 

9-7 

11-7 

14^2 

9-2 

Eartern 

.. 42-92 

235 

8-9 

6-0 

10-0 

2-2 

Western 

.. 66-66 

193 

6-3 

9-7 

12-0 

7-6 

Southern 

.. 38-38 

216 

9-0 

10-2 

11-9 

8-6 
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5.14. When the ‘nofmative’* rates of growth 
computed above are compared with the rates of 
growth of commercial energy a>n$umpti(m in 
the decade of the Sixties, it is found that in all 
the regions except the Astern region, the rate 
has to slow down. When the ‘nonnative’ rates 
are compared with the rates of growth of com¬ 
mercial energy consumption during 1965-66 to 
1970-71. it is seen that all regions other than 
Western region has to increase the rate- The rates 
of growth indicated for the period upto 1990-91 
in the case of Northern and Southern regions 
are slightly above the rates registered in the 
later half of the Sixties: but in the case of the 
Eastern region a big increase in commercial 
energy consumption is called for while the 
Western region has to sharply reduce the rate 
of increase in commercial energy consumption. 
The regujaticm of the growth rates in the com¬ 
ing years to the levels indicated will have serious 
implication Oti the development plans of the 
different regions, especially the Western region, 
where the rate of growth has to be reduced. 

Fueiwise consomptioD of conuncrdal enogy in 

different regions 

5.15. While the per capita commercial energy 
consumption in the different regions mi^t tend 
to become equal with policy measures, me com¬ 
position of fuels which makes up total commer¬ 
cial energy consumption, may vary from region to 
region depends largely on the relative availability 
and prices of the fuels. It is reasonable to assiune 
that in the natural course, the regions which have 


abundant coal resources will use relatively more 
coal than oil in their energy utilization. But the 
levels of utilization will also depend on the 
policies of the Government regarding setting up 
of different types of industries in different regions. 
As the industrial policy has no clear guidelines 
to industrial location and regional development 
and as it is not possible at this stage to, forecast 
possible changes of Government policy in this 
regard, it has not, however, been possible to esti¬ 
mate the possible levels of consumption of specific 
fuels like coal, oil and electricity. 


Ccoiclusioas 

5.16. As between the regions of India, energy 
consumption is not very balanced, whether we 
consider the per capita consumption or the con¬ 
sumption per unit of national income. While the 
imbalances are slowly getting adjusted, the 
Western region is emerging as a high consump¬ 
tion region in respect of co mm ercial energy. 
If the objective is to achieve a more balanced 
per capita total commercial energy consumption 
by 1990-91, there should be a well conceived 
policy towards regional development which will 
take note of the divergenees in resource endow¬ 
ments. The regionwise energy policy should be q 
part of a well-conceived regional development 
strategy. The figures provided in the Report 
above should be taken as merely illustrative and 
cannot be regarded as a recommendation with 
any operational content. 


♦ Th« rates shewn jn Ot], 4 in Table 5'6 are referred to as Normative rates for Commercial. 



CHAPTER IV 


PERSPECTIVE OF LONG ENERGY PROBLEMS 


En^gy Plan and National Development Plan 

6.L The preceding chapters have described past 
trends in energy consumption in India, the rela¬ 
tionship between energy consumption and indices 
of economic growth, the likely demand for energy 
and demand for specific fuels in the coming years 
upto 1990-91, the energy resources available in 
the country and the regionwise supply and de¬ 
mand position. 

Energy Consumption 

6.2. If we take the period from 1953-54 to 
1970-71 total energy consumption increased 
from 193.5 million tonnes of coal re¬ 
placement to 376.6 million tormes. The share 
of non-commercial energy in total energy used 
declined from 17.5 per cent in 1953-54 to 48 5 
per cent in 1970-71. The pattern of growth in the 
energy section outfined in this Report would 
take total energy consumption to 1079 million 
tonnes of coal replacement in 1990-91. Of this 
the consumption of non-commercial fuels would 
be only 181 million tonnes of coal replacement 
i.e, 16.8 per cent. In per capta terms, total 
energy consumption in India will increase from 
0.509 tonne in 1953-54 and 0.676 tonne in 1970-71 
to 1.439 tonne in 1990-91, in terms of commercial 
energy consuption along, per capita consump¬ 
tion would increase from 0.158 toime in 1953-54 
and 0.361 tonne in 1970-71 to 1,200 tonnes by 
1990-91. It is relevant to note that this figure 
understates the total energy utililized in the coun¬ 
try as the large quantity of animal power still 
used in India for providing motive power is com¬ 
pletely left out in these calculations. 

Basic dlKctiwis of energy policy 

6.3. While a review of the fuel policy is essen¬ 
tial to decide from time to time the magnitude 
of the production efforts required and the invest¬ 
ment decisions called for, the studies of the Com¬ 
mittee have brought out some fundamental direc¬ 
tion of fuel policy which may remain invariant 
under most of the likely developments in the 
future. It would be useful to recount these even 
at this stage. 

6.4. We can glean the trends in energy consump¬ 
tion beyond 1990-91 by tracing the factors which 
affect the quantity and composition of energy 
consumption. In a modem economy energy is 
used mainly for the following purposes:— 

(1) heat raising 

(2) lighting 

(3) the provision of motive power and 

(4) electrolysis 


The demand for the first three purposes arises 
in house-holds, industrial enterprises, transport 
undertakings and commercial enterprises. The de¬ 
mand’for the last mentioned purpose is restricted 
to a limited class of industrial enterprises. 

6.5 In India, the household demand for energy 
for heat raising arises mainly for the purposes of 
cooking and lighting. The total quantum 
of energy demand for cooking may not rise much 
faster than the rate of growth of food consump¬ 
tion; but the preferred sources of energy for this 
purpose may change as the economy develops. 
For instance, with growing urbanisation, 
electricity, gas of kerosene will tend to replace 
non-commercial fuels like cowdung and firewood 
as the source of energy for cooking. The bulk of 
this urbanisation would probably have worked 
itself out by 1990-91. 

6.6. Household demand for energy for lighting 
may well have a higher income elasticity than the 
demand for energy for cooking. In this case too 
one can expect a gradual change in the prefened 
sources of energy for this purpose—mainly a sub¬ 
stitution of electricity for kerosene. Here also, 
most of the structural changes in energy demand 
would have been effected by 1990-91. Even by 
1996-91 a substantial portion of the rural house¬ 
holds may still have incomes which will make 
them dependent almost entirely on fuels which 
could be obtained at no private cost. But utilisa¬ 
tion of such fuels unless properly regulated will 
have very high social cost- In order to reduce the 
social costs a number of institutional arrange¬ 
ments and research efforts have to be undertaken 
to ensure that the optimal utilisation of locally 
available fuel resources (vegetable waste, ani¬ 
mal dung, solar energy etc.) is evolved. Suitable 
measures may have to be taken up in this direc¬ 
tion even from now as indicated in Chapters X 
and XII. 

6.7. Household demand for energy for motive 
power may also be highly income-elastic. A^rt 
from anything else, the growth in the urbanisa¬ 
tion will ceteris pcttiibus tend to_ increase demand 
on this count. However, with rising incomes there 
may be a substitution of inanimate for ammate 
energy e.g., as would arise in the switchover from 
bicycles to scooters. But the level of demand on 
this count would depend greatly on governmental 
policy with respect to the private operation of 
vehicles, the importance attached to public trans¬ 
port the location of offices and factories with res¬ 
pect' to residences etc. If the right policies are 
followed. India will not experience the sort of 
burst in energy demand on this count that was 
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experienced in U.S.A>. Western Europe and Japan. 
The rate of growth of demand rnay not accelerate 
for quite a long period even after 1990-91. 

6.8. The demand for ^ergy for agricultural 
operations arises mainly for the purposes of pro¬ 
viding motive power. With the gradual intensifi¬ 
cation of agriculture, the level of demand for this 
purpose is likely to increase. Moreover, a substan¬ 
tial measure , of substitution of inanimate for ani¬ 
mate power is taking place and will continue to 
take place But the greater part of this substitu¬ 
tion will probably have been ef5ected by 1990-^1. 

6.9. The demand for energy for industrial 
operation arises mainly for the purposes of heat 
raising, for providing motive power and for elec¬ 
trolysis. The level of energy demand for this pur¬ 
pose will depend essentially on the structure of 
industrial production. Within any given indust^ 
Ae level of energy demand per unit of output will 
not in general change substantially. The high rate 
of gfpv^ of energy consumption in industry over 
the past two decades reflects the growing import¬ 
ance of basic metals and chemical products in the 
total industrial output. In indUs^, the use of 
energy for the purpi^s of heat-raising and electro¬ 
lysis probably increases faster than the use of 
energy for mtetive power as the economy grows. 
However, the impact of such structural changes 
on the level of energy demand may well be more 
moderate in Ae peridd beyond 1990-91. The 
source of energy used for these purposes will also 
change if the policies recomraend^ in this Re¬ 
port are implemented. Here too, the bulk of the 
changes may well have been effected by 1990-91. 

6.10. In the transport sector, energy is u^ 
almost entirely for the purpose of providing 
motive power. As the economy grows, the de¬ 
mand for transportation will most certainly in¬ 
crease, but the ms^itude of the increase will 
depend greatly on the locational aspects of deve¬ 
lopment. If, as is likely, the degree of specialisa¬ 
tion of different regions in different types of jwo- 
duction increases, the demand for transportation 
will increase at a ra{Hd pace. But there is no 
reason for supposing that such trends towards 
specialisation will'be mewe pronounced after 1S>90- 
91 than before. Hence, on this count too, the rate 
of growth of demand for energy may not accele¬ 
rate after 1990-91. 

6.11. The considerations described above sug¬ 
gest that the rate of growth of energy demand in 
the period beyond 1990-91 may not be as high 
Of, the projected rate of growth of energy demand 
u^o 1990-91 and certainly ‘ not as high as the 
growth rates observed over the past two decades. 
Most of the substitutions of one energy source 
for another that are taking place or that are 
recommended in this import would have been 
effected., 1^ 1990-91 and the rate of growth of 


demand for individual forms of energy will also 
reflect mainly the income-elasticity of demand 
for that form. 

6.12. Electricity will be the principal form of 
energy for the purposes of ligbtmg and of course 
the sole form for electrolysis. It will be used for 
motive power in many applications, particularly 
those involving stationary equipment- The use of 
electricity for motive power tor vehicular pur¬ 
poses may turn out to be important in the period 
beyond 1990-91 if current research; work on 
battery-operated vehicles yields results. There 
will be some use of electricity for heat raising. 

6.13. Coal will be used mainly for die purposes 
of heat raising including, of course, heat raising 
in thermal power stations. In view of its low 
efficiency, the use of the steam locomotive may 
decline unless research work leads to some 
dramatic technological developments. 

6.14. Oil ];voducts are a particularly suitable 
form of mobile energy with a high energy to 
weight ratio. If the recommandations of this 
Report are accepted, they will be used mainly 
as a source where such a mobile source of energy 
is necessary—for lighting and cooking in areas 
where electricity and solid fuels cannot be made 
available and for motive power in road trans¬ 
port. Oil products are too expensive a source 
of energy for purposes for which coal and elec¬ 
tricity can be us^. 

6.15. On the supply side, among the commer¬ 
cial fuels, coal will remain the most important 
supplier of energy in India upto 1990-91 and 
most probably even beyond. TTie oil resources 
in the country have not been fully exploited. The 
oil bearing area that has been studiea thoroughly 
constitutes not more than 4 per cent of the total 
area of the Indian sedimentary basin which 
could be the habitat for oil. But it must also be 
remembered that this 4 per cent has been con¬ 
sidered the most promising on the basis of the 
knowledge that we have now. While the possi¬ 
bility of finding more oil on-shore off-shore should 
not be ruled out, it will be irrational to frame a 
policy on the basis of the likely flfidings of oil.* 

6.16. As indicated in Chapter IV there are also 
possibilities of our exploiting very large quantities 
of natural gas resources from the areas under 
exploration within the country and abroad- In¬ 
creased availability of natural gas will call for 
changes in the pattern of fuel supply suggested 
in this Report. At this stage, however, it is too 
premature to make any attempt to quantify the 
possibilities. 

6.17. Between 1983-84 and 1990-91. it is anti¬ 
cipated that Fast Breeder Reactor technology 
(F.B.R.) would be commercially available to 
India. The availability of economically viable, 


* 'to fact, if oil is found in tne country, wh<'ther it shonlc b« used internally or exported would have to bo oar, fulK- 
d^cide-l -with reference to the other fuel forms available in the country, the relative price of fuel in the international 
market and onr ntbe? imPort needs. 
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commercial scale ; Fast Breeder Reactors in the 
country would introduce a new element in the 
energy supply situation which has not been fully 
taken note of in our Report. Given the very 
large resources of thorium and the definite possi¬ 
bility of accumulating significant quantities of 
plutonium in the country by 1990. India would 
be poised for a very fast growth of nuclear power 
poduction when FBR technology is commer¬ 
cialised. The Department of Atomic Energy has 
drawn up plans to increase nuclear power gene¬ 
ration capacity from 1900 MW in 1983-84 to 
8623 MW in 1990-9-. Of this 6620 MW will be 
based on the first generation heavy water re¬ 
actors of the kind which are already being built 
while 2,000 MW will be based on Fast Breeder 
Reactor technology which is under development. 
The Committee would welcome such rapid in¬ 
crease in nuclear power generation, especially, 
power generation based on FBR technology as 
in the years beyond 1990-91. It will be very 
difficult to meet the power requirement with¬ 
out adequate support of supply from FBRs. If 
the pattern of supply of fuels recommended in this 
Report materialise by 1990-91, almost the entire 
hydel potential would have been exploited and 
coal production would have reached a level that 
there would be severe limitations to further 
rapid increase in its production; if no large oil 
reserves are discovered by then in India, the in¬ 
cremental demand for energy beyond 1990-91 
would have to be met by nuclear power genera¬ 
tion. This would be possible only if FBR tech¬ 
nology for commercial operations is available 
by then. In view of this., Committee would 
strongly recommend that adequate effort shouuld 
be put in developing this technology based on 
the use of thorium from now on. 

6.18. The other energy resources, which arc 
not commercially utilised in significant quantities 
anywhere in ffie world but which are talked 
about with great hopes, are geothermal energy, 
solar energy, wind power, tidal power and che¬ 
mical sources of energy The Committee examin¬ 
ed carefully ffie status of work and the likely 
contribution that could be obtained from these 
sources. The total energy available from tidal 
power and the geothermal energy that could be 
tapped on the basis of the present technology 
appears to be insignificant. Similarly, the contri¬ 
bution of wind power is likely to be small even 
if a very large number of wind-mills are set up 
in the country. There are grave uncertainties 
regarding the commercial use of solar energy 
for industrial needs. The Committee therefore 
felt that by 1990-91, the contribution from these 
non-commercial energy sources is not likely to 
be significant enough to be taken note of in dis¬ 
cussing the energy supply situation. But in certain 
specific locations, these non-commercial energy 
forms may haVe some relevance. The Committee, 
has, therefore, recommended the support for all 
research and development activities connected 
with the utilisation of non-conventional energy 


forms. Beyond 1990-91, there may be possibili¬ 
ties of energy which appear the only non-coW- 
solar energy which appear the only non-com- 
mercial sources of energy which could contribute 
to supplies in a substantial way. 

Minimisation of Energy Cost 

6;19. Upto the early seventies, all over the 
world the trend was not only to plan for ade¬ 
quate energy supplies but to provide it at mini¬ 
mum of cost. N^imisation of energy cost was 
one of the primary objective of energy planning 
in many countries but the shortages and un¬ 
certainties in oil availability during the last few 
years has shifted to emphasis in energy planning 
to ensuring the adequacy of fuels more than the 
reduction of energy cost. In the coming years 
when the oil situation in the international marltet 
settles down to norma] conditions, there will 
again be a renewed emphasis on minimisation of 
energy costs. If India’s production is to be com¬ 
petitive in the international market, we should 
ensure that our planning for energy indusfiies 
and operation of these industries are comparable 
in efficiency to that obtaining in other countries. 
The Committee has emphasised throughout the 
Report the need for cost minimisation. Any 
investments made in the energy sector which 
would produce hi^ cost energy and which would 
have productive life beyond 1990-91 will make it 
very difficult to, reduce the overall cost of energy 
production. Hence, however, urgent be the com¬ 
pulsion .of the current situation, we should not 
commit ourselves irrevocably to such high cost 
investments. 

6-20, There are indications that a number of 
technological developments in the coming decade 
will reduce the transportation cost of energy. Un¬ 
less we are alert and adopt the most modem and 
the most optimal technologies for transporting 
energy, the cost of energy to the consumer in 
India is likely to be higher than the cost else¬ 
where. In a country of continental dimensions 
like ours with coal resources situated mostly in 
the Eastern and Central regions and hydel power 
concentrated mostly in the Northern region, there 
will be need to transmit energy in the form of 
electricity over long distances. Transmission costs 
could be reduced by adopting higher transmis¬ 
sion voltage as well as the newer technologies 
like DC transmission or transmission through 
cryogepic conductors, liquid-fitted conductors 
etc. Research and development in this area 
should be taken up even from now on, if we are 
to ensure the supply of power at economic rates 
to the consumer in the years beyond 1990-91. 

6.21. Another major problem in energy trans¬ 
portation tvhicti will continue to be of interest 
beyond 1990-91 is the transport of coal to diffe¬ 
rent supply points. In view of the continued 
difficulties in transporting coal, a number of sug¬ 
gestions have been made for transporting coal. 
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by converting it first as electricity and transmitting 
it through EHV lines or by gasification of coal or 
by converting it to coal slurry and transporting it 
by pipelines. While transmission of power by 
EHV lines in preference to transporting coal is 
economical under certain circumstances, the coal 
gasification and pipeline transport of gas or trans¬ 
porting of coal as slurry by pipeline appears to 
be un-economical under Indian conditions. While 
it may be useful to make some detailed studies of 
the economics of coal gas transport and coal 
slurry transport in certain specified locations and 
take up some .schemes as part of R. & D. efforts, 
the contribution of the pipeline mode to coal 
transport will be very small upto 1990-91. Even 
if we assume that all power generation will be 
at the pithead by 1990-91, there will still be a 
need to transport by rail around 200 in. tonnes of 
coal need for uses other than for power genera¬ 
tion. Pipeline transport, even if this is introduced 
in certain circumstances, may transport at the 
most about 10 million tonnes. The major burden 
of moving coal will have to be borne by the Rail¬ 
ways. TJie Committee has suggested that the coal 
transport capability oj the Railways should be 
built up to a level of 85 per cent of the coal pro¬ 
duction in the country at any point of time. This 
would mean that the Railways' capability to move 
coal should be around 300 million tonnes by 
1990-91. While the possibilities of pipeline trans¬ 
port of gas or slurry becoming economic in the 
circumstances prevailing beyond 1990-91 cannot 
be ruled out, it is clear that even then the burden 
on the Railways to transport coal will gradually 
increase. 

Need for review of energy policy 

6.22. A number of factors assumed as the basis 
for our forecasts and recommendations may 
change from time to time. It is, therefore, neces¬ 
sary to keep the policy under periodic review and 
to effect changes wherever necessary. Energy uti¬ 
lisation represents the culmination of a long 
process which starts with the exploration for 
fuels, their transformation and transportation. 
All these stages which precede energy consump¬ 
tion have long gestation periods. Energy plans 
should therefore extend to long-term horizons of 
at least 15—20 years. If energy plans and policies 
are to be operationally meaningful, they should 
be reviewed periodically at least once in three 
years and the planning horizen extended at each 
time to 15 years. 

Energy Commission 

6.23. The implementation of the recommenda¬ 
tions of the Fuel Policy Committee which call 
for coordinated action by several Ministries and 
agencies of the Government. An ideal organiza¬ 
tional arrangement for this will be the setting up 
of an Energy Commission clothed with adequate 


powers and manned by suitable talents which 
can be entrusted with the responsibility for the 
periodic review of the energy situation and for 
planning for optimal production and distribution 
of the different fuels. As the experience of this 
Committee has revealed that the data relating to 
sector-wise energy consumption, the effect of 
related prices of fuels, and the regional energy 
consumption data are not available, the Com¬ 
mission should also have the responsibility of 
collecting systematically the information and data 
on the Indian as well as international energy 
situation and of organizing research and analysis 
which will contribute towards the review and, if 
necessary, the revision of the Energy Pohcy. 
However, it is recognised that such a Commis¬ 
sion will have to take over the functions which 
are now dealt with in several Ministries like the 
Ministry of Irrigation and Power, the Depart¬ 
ment of Mines, the Department of Petroleum, 
the Railway Board and the Planning Commis¬ 
sion. It has also to be recognised that the scope 
of work of the Commission will become very 
large and some of the problems associated with 
large organization will have to be faced by the 
Commission. 

Energy Board 

6.24. The need, however, to coordinate the 
activities of the different agncies of Government 
dealing with energy is very urgent. Committee 
considers that it would be appropriate to im¬ 
mediately set up an Energy Board consisting of 
the Ministers of the concerned Ministries sup¬ 
ported by a suitably structured Secretariat to 
assist this Board. Such a Board would be some¬ 
what different from a Cabinet Committee as the 
Board would have a Secretariat which would 
initiate or undertake studies and analysis rele¬ 
vant for the review or revision of the fuel policy 
and would not depend entirely on the administra¬ 
tive Ministries for such studies. The Energy 
Board can be set up immediately and with the 
experience gained in its working several func¬ 
tions of the Ministries which are more important 
for effective discharge of its functions could be 
transferred to the Board. The case for the Energy 
Commission could be re-examined at an ap¬ 
propriate stage later. 

Institute of Energy Studies 

6.25. In the Report on “The Fuel Policy for 
the Seventies” (May 1972). the Committee recom¬ 
mended that an Institute of Energy Sudies should 
be organised for collecting systematically the in¬ 
formation and data on the Indian as well as 
international energy situation and of organising 
research and analysis which will contribute to¬ 
wards the review and. if necessary, the revision 
of the Energy Policy. If the Energy Board is 
formed, it may be useful to entrust the functions 



of the suggested Institute of Energy Studies to 
the Board. It should be noted that we have 
several institutions in the country which are 
even now engaged in certain aspects of energy 
production and utilization. Whether a separate 
Institute of Energy Studies is set up or the pro¬ 
posed Energy Board takes up the work, the work¬ 
ing of the agency entrusted with Energy studies, 


should be oriented more towards the arranging 
for the studies to be conducted by different irtsti- 
futions and agencies in existence now and co¬ 
ordinating the research projects. Any attempt to 
centralise the research efforts relating to energy 
problems which extent over a very large area of 
economics, science and technology under a single 
institution may prove counter-productive. 
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AREAS (RKORGAMISATION) ACT 1971, BTT lET TO BE VERIFIED. 
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COAL POLICY 


Coal: Principal source of energy 

7.1. Coal was the principal source of supply 
of commercial energy in India till the early 
Fifties. Over the last two decades, the direct use 
of coal has been steadily declining in relation 
to other fuels and the estimates of demand given 
in this report indicate that this tendency will con¬ 
tinue upto 1990-91. The relative proportions of 
coal, oil and electricity consumed in the economy 
and likely to be consumed in future are indicated 
in Table below : — 

Table 7.1 

Share of coal, oil and electricity in total coin- 




mercial 

energy 



Year 


Coal 

(Direct 

Use) 

% 

Oil 

% 

Electricity 

% 

Total 

1953-54 


47-8 

390 

12 6 

lOO-O 

1960-61 


39-9 

43'4 

16-7 

100-0 

1965-66 


35'3 

43-9 

20-8 

100-0 

1970-71 


26-0 

49-3 

24*7 

100-0 

1978-79* 


235 

48-8 

27-7 

100-0 

1983-84* 


23'3 

45-3 

31-4 

100-0 

1990-91* 


21-8 

42-9 

35-3 

100-0 


NoTts; Percentage calculated with reference to coal replace¬ 
ment meaaare. 

♦ As prresjiraato Case U in ChaPter Ill. 

7 2. Though the share of coal directly used in 
the total commercial energy is going down, the 
coal used indirectly through transformation asi 
electricity is rapidly increasing. The increasing 
demand for electricity and the limitation on the 
possibilities of increasing power generation from 
hydel and nuclear sources during the period upto 
1990-91 leads to an increasing demand for coal 
for thermal power generation. As a result of this, 
the quantity of coal used indirectly is likely to 
increase relative to coaI u^d directly and the 
share of total coal in total commercial energy is 
expected to be stabilised around 38 per cent by 
end of Fifth Plan period. Table below sets out 
the likely trends: 


Table 7.2 

Share of coal used directly and indirectly in toted 
commercial energy 


Year 

Total 

commer- 

olal 

energy 

@ Coal used 

( 

% share 
of total 
coal** 

Direct 

In¬ 

direct 

Total 

1960-61 

.. 101-2 

40-4 

6-7 

47-1 

46-64 



(86-77) 

(14-23) 

(100) 


1965-66 

.. 147-0 

61-8 

10-3 

62-1 

42-24 



(831-41)(16-69) 

(100-0) 


1970-71 

.. 197-3 

61-4 

14-6 

66-0 

33-46 



(77-88) 

(22-12) 

(100-0) 


1978-79* 

.. 361-0 

86-0 

630 

138-0 

38-2 



(62-0) 

(38-0) (100-0) 


1983-84* 

.. 532-0 

124 0 

80-0 

204-0 

38 3 



(61-0) 

(39-0) 

(100-0) 


1990-91* 

907 

1980 

144-0 

342-0 

37-7 



(68-0) 

(42-0) 

(100-0) 



**Peroentago calculated with reference to coal replace , 
meat measure. 


•Ab per estkaatea (Case-1) in Chapter HI. Figures in 
breakets indicate percentage, share of coal used directly and 
indirectly in the total coal used. 

©Exclusive of coal used for non-energy purposes. 

As seen from Table 7.2 the share of coal used 
for power generation as a percentage of total 
coal was only 14.2 per cent in 1960-61. This is 
estimated to go upto 42 per cent by 1990-91. 

7.3. However, in international comparisons, 
the relative shares of coal, oil and hydel electri¬ 
city are calculated in terms of coal equivalent 
measures is considered, the share of coal remains 
above 50 per cent upto 1990-91. 

Table 7.3 


Share of coal used directly and indirectly as per 
cent of total Commercial Energy fin coal 
equivalent measures). 



Total 

commer¬ 

cial 

Coal used in 
m. tonnes 

(a) 

% share 
of 

total 

coal 

in o.t.c.e, 

in mteo 

Direct 

use 

Indirect 

use 

Total 

1960-61 

70-8 

40-4 

6-7 

47-1 

66- 6.3 

1986-66 

102-2 

61-8 

10-3 

62-1 

60-76 

1970-71 

132-0 

61-4 

14-6 

66-0 

60-00 

1978-79 

.. 234-0 

86-0 

53-0 

138-0 

68-97 

1983-84 

.. 367-0 

124-0 

80-0 

204-0 

67-14 

l990-dl 

.. 623-0 

198-0 

144-0 

342-0 

64-90 


(a) Exclusive of cOal used for non- enerpy Purposes. 
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7.4. Coal demand forecast in this report im- 
p;ies an annual growth of about 12.6 per cent 
during the Fifth Plan period and about 8 per 
cent from then on. As a result of the new thru.st 
for substituting of oil by coal in different sectors, 
and the new technological developments anti 
cipated in the production of chemicals and ferti¬ 
lizers based on coal, the estimate of coal demand 
forecast for these purposes in the report should 
be taken as somewhat conservative. (It is to be 
noted that the use of coal as a feedstock for 
the manufacture of nitrogenous' fertilizer has been 
take'rf note of in our forecast; but no other 
chemical production based on coal has been 
assumed, as there are grave uncertainties in esti¬ 
mating this). Coal, therefore, will play the most 
important role in meeting the energy and feed¬ 
stock requirements of the country. Fortunately, 
coal, except for the metallurgical variety, is 
available in quantities which may last for the 
next 100 years. The production of coal has a 
long history in the country and the technology 
of coal production is well developed. IVe should 
therefore consider coal as the primary source of 
energy in the country for the next few decades 
and the energy policy of the country has to be 
designed on this basic premise. 

Survey of coal industiy 

7.5. While evolving a policy for coal develop¬ 
ment in this country, it would be appropriate 
to make a survey of the coal industry. The first 
published reference to the mining of coal in 
India dates back to the year 1774 when shallow 
mines are reported to have been developed in 
the Raniganj coal field. Systematic mining of 
coal through quarries or shallow pits seems to 
have started only in the second quarter of the 
nineteenth century. By 1860 nearly 50 collieries 
were in operation, producing about 2.8 lakh 
tonnes of coal per annum in the Raniganj area. 
By the end of the nineteenth century the produc¬ 
tion of coal from the Raniganj field had increased 
to 2.5 million tonnes per annum but in the mean¬ 
time other areas had also started producing coal, 
the most important coalfield being Jharia in 
Bihar. Coal mining started in Madhya Pradesh 
(then known as Central Provinces) in 1862, in 
the Rewa State (now part of M.P.) in 1884, in 
Singareni (in the then Hyderabad State, now 
in Andhra Pradesh) in 1887 and in Upper Assam 
in 1881. At the beginning of the present cen¬ 
tury, coal production had reached a total of 


about 6 m. tonnes. The growth of the industry in 
subsequent years was as follows : — 


Table 7.4 

Growth of Coal Production in India 


Year 

Coal pro¬ 
duction in 

111 , tonnes 

1900 

000 

1920 

i7-Sij 

1930 

23-8i.l 

1940 

29-39 

1960 

32-81 

1956 

38-84 

1960.61 .. 

-- 55-70 

1965-66 .. 

67-68 

1969-70' .. 

75-74 

1970-71 . . 

/2-96 

1973-74'* .. 

77-90 


* Provisional estimate. 


7.6. Till the end of 1971, before the nationali¬ 
zation of the coal mines, the coal industry was 
organised into a number of mines mostly pri¬ 
vately owned and very small in size. In January 
1971, the number of mines in operation was over 
800 and the size-wise classification was as 
follows: — 

Table 7.5 

Sizewise Distribution of Coal Mines (1971) 


Size/Production per year* in tonnes 

No. 

Annual 
Produc¬ 
tion in 
million 
tonnffl 

I. Up to 6000 

228 less than ^ 

2. between 6,000—12,000 

47 less than i 

3. between 12,000—60,000 

211 

7 

4. between 60,000—1,20,000 

100 

9 

6. between 1,20,000—3,00,000 

130 

25 

6. between 3,00,000—6,00,000 

74 

28 

7. above 6,00,000 

7 

6 


♦As per the licensed or approved production capacity,, 


It may be noted that over 480 mines had a 
total production of only 8 million .tonnes, M- 
dicating the smallness of operation of the ma¬ 
jority of mines. After nationalization, the entire 
coal industry, except for 9 captive mines of the 
two private sector steel plants, (and some tiny 
coal mines in certain locations) has come under 
three public sector corporations, Bharat Coking 
Coal which took over 208 coking coal mines and 
186 non-coking coal mines, has reorganised them 
into 86 units. Coal Mines Authority, which took 













45 


ewer 297 private mines and 44 mines of the 
National Coal Development Corporation is still 
in, the process of reorganizing them. In its 
Pastern Division 215 mines have been reorga¬ 
nised into 86 units. The number of colliery units 
a* present may be taken at about 376 against 
about 800 before nationalization. 

7.7 The degree of mechanization in the diffe¬ 
rent mines varies widely. There are mines which 
are still using primitive methods of mining 
where production is very labour-intensive; there 
ate also mines which are highly mechanized. 

m 

7.8if The emi^oyment in the coal mining in¬ 
dustry which has recorded* as 3.99 lakh per¬ 
sons in 1961 is reported to have declined to 
3.66 lakh persons in 1971; but . in the process of 
nktionaU^ation of the coal mines it was noticed 
that part of this decrease was due to misreport- 
ingf of labour employed in the mines with a view 
to avoiding payment of the legal dues to the 
workers. There is. however, evidence that a 
lai^ portion of the increase in productivity in 
the Sixties has come from increases in labour 
productivity. The output per mine shift* (QMS) 
has inbreased from 0.35 tonnes in 1951 to 0.48 
tonne in 1961 to 0.67 tonne in 1971. Part of the 
increase in productivity is also due to increase 
in production in coal from open-cut mines instead 
of Underground mines. The average output per 
mine shift in the open-cut mines is ground 13* 
tonnes though in completely mechanised mines 
like J'hingurda, it is as high as 6t tonnes; the 
Putput in underground mines is however around 
0.5 tonnes.1: The produbtiont derived from open¬ 
cast mines was 10.82 m. tonnes in 1961 which 
increased to 15.43 toimes in 1972-73. 

7.9. The inadequacy of rail transport affected 
coal consumers severely in the beginning of the 
Sixties resulting in the shift to the use of oil pro¬ 
ducts by a number of industrial units, particularly 
in the western and southern regions. With the 
^sy availability of furnace oil and its obvious ad¬ 
vantage over coal in utilization, these industries 
coptinued with the use of furnace oil even after 
the rail transport situation improved in 1964-65. 
Props 1964-65 onwards, the rail capacity was 
p^ad- of the coal demand and the Railways bad 
to go, tp the extent of suspending certain line 
capacity works (e.g., Singrauli-Katni link) and 
i-nnffw p ing the orders for a large number of 
waggms. The best performance of the Railways 
iQ coal transport was in 1969-70 when they 
moved 71 million tonnes. The situation changed 
saddenly from 1970-71 and again an era of 
wagon shortage has started. In 1973-74, the R^- 
ways were able to move only about 61 million 
totraes of coal In terms of the average number 


of wagons loaded per day, the figures for 1969- 
70 and 1973-74 are 8191 and 7398 rbspectively. 
The year 1973-74 witnessed a large scale short¬ 
age in the availability of coal throughout the 
country inspite of the production recording the 
highest level so far reached, nearly 78 million 
tonnes. This fell short of the demand which 
has been assessed to be of the order of 85 to 
90 million tonnes. The shortage was most 
actually felt by small industries, brick kilns, 
consumers of soft coke and other categories 
who get low priority in the allotment of wagons. 

Coal demand 

7.10. In our estimates of coal demand in 
1978-79. 1983-84 and 1990-91. we have taken 
note of the anticipated levels of production of 
different major commodities in the industry 
sector and the possible changes in the technology 
of their production. We have also provided for 
the increasing efficiency of use of coal in thi 
power sector and its progressive substitution as 
a feedstock for nitrogenous fertilizer production 
and as a fuel in the industry sector in replace¬ 
ment of oil. A fast rate of growth in the use of 
soft coke and low temperature carbonised coke 
as domestic fuels have also been provided for. 

On these assumptions, our estimate of demand 
for coal for direct use Mid for power productipn 
will be as follows;— 


Table 7.6 

Demand for coal in 1978-79, 1983-84. 1990-91 

(In million tonnes) 


Coal use 1970- 

71 

1978- 

79* 

1983- 

84* 

1990- 

91f 

1. For direct use in enregy 
sector 

61-4 

86-0 

124-0 

198-0 

2. For indirect use in 
energy sector 

14-6 

53-0 

80-0 

144-0 

3. Total in energy 
sector .. 

660 

138-0 

204-0 

342-0 

4. For non-energy use® 


3-0 

7-0 

11-0 

6. Total Coal 

66-0 

141.0 

211-0 

363 0 


*Ae per Case-II in Chapter III. 

@0oal used in Sindri plant is accounted against coke pro¬ 
duction; coke oven gas is used for fertiliser production. 


7.11. The rate of growth of coal production 
will be 12.6 per cent during the Fifth Plan, 8.4 
per cent in the Sixth Plan and 7.6 per cent in 
the period upto 1990-91. The target rate of in¬ 
crease in coal production is somewhat high 


(a)l4onthly Coal Bulletin, January 1973 issued by the Director General of Mines Safety. Government of India. 
♦Monthly Coal Bulletin, January 1973 issued by the Director General of Mines Safety, Government of India. 
tNatiwal Goal Developm.^nt Corporation, Ranchi (Progress Report for April 1973). 

^Office of the Coal Controller. 
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during the Fifth Plan on account of the increas¬ 
ing demand for power production as well as from 
the steel industry. In physical q^tities the 
average annual increase in production would be 
11.2 m. tonnes per year during the Fifth Plan, 
13 2 m. tonnes during the Sixth Plan and 19.7 
m. tonnes during the period beyond the Sixth 
Plan upto 1990-91. Viewed against the average 
rate of increase of production of less than 2 
tonnes per year during the Sixties, it is clear 
that the critical period in meeting the coal de¬ 
mand would be the Fifth Five Year Plan period 
when a steep increase in the rate of growth in 
coal production has to be achieved. The subse¬ 
quent rates of growth visualized will prove more 
easy to accomplish once this hump is crossed. 
Indigeiihas coal availability 

7.12. In Chapter IV. a survey of the coal re¬ 
sources available in the country has been made. 
This indicates that upto 1990-91. the •gross 
resources of coal available in the country would 
be adequate to meet the requirements. The long¬ 
term perspective of coal supply is discussed in 
Chapter VI. While on global considerations, the 
entire coal demand could be met from the re¬ 
sources available within the country, there may 
be problems in meeting specific demand from 
the nearest source of supply. As indicated in 
Chapter V. it is not possible at this stage to 
forecast on a reliable basis the demand for coal 
in the different regions of the counter in the 
coming years; but on the supply side, it is 
possible to estimate the physical levels of pro¬ 
duction of coal from the different coal fields in 
India based on geological and mining informa¬ 
tion available regarding the fields. Experts in 
the ^oal Industry have agreed that the physical 
levels of maximum production from the different 
mines in the country may be as follows : — 
Table 7J 

Possible levels of production of coal from 
different coalfields upto 1990-91 

{in in. tonnes) 


Goal ’’eld 

1978- 

79 

1983- 

84 

1990- 

91 

1, Makum/N.E. region 

1 

2 

3 

2. Bengal-Bihar 

to) Jhm 

20 

30 

60 

(R) Mngma & Raniganj 

33 

46 

60 

(c) Bast Bokaro 
(4) South Karanpnra 

7 

12 

13 

West Bokaro and Bam- 

12 

24 

30 

garhi 


(coking) 

6) 

(coking 

7) 

fe) North Karanpnra (incl. 

Hntar ft Paltongimj) 


16 

33 

tf) Baimahs] .. 


3 

10 

■S. Srajgrauli (IdP & XTP) - . 

7 

15 

24 

4. Taloher (Orissa) .. .. 

4 

8 

13 

S. ^ Korea-Bewa .. 

16 

19 

20 

6. Korha-Hasdeo ft Ib river ,. 

6 

12 

32 

7. Beneh-Kanhan-Tawa 

7 

7 

8 

8, Kamtee (Maharashtra) 

2 

6 

7 

9. C3ianda!.Wardha 

4 

6 

10 

10, Godavary Valley 

12 

16 

21 


135 

226 

312 


7.13. These production levels are based on 
the informed judgment of experts in the geolo^ 
and production of coal; these should be taken 
as a broad perspective based on information 
now available and may need corrections and 
adjustments as more information becomes avail¬ 
able on further exploration and investigation. 
The Committee has therefore not tried to match 
the demand with the feasible production which 
as indicated above falls short of the required 
level in 1990-91 by about 41 m. tonnes. 

7.14. It is relevant to note that the achieve¬ 
ment of the levels of production in different 
coalfields, detailed investigation of de|X)$it8 has 
efforts in exploration, detailed investigation of 
deposits and advance action for setting up mines 
and mechanisation of the mines. In many of thp 
coalfields, detailed investigation of deposits has 
been neglected in the last few years and the lack 
of detailed knowledge about the characteristics 
of the deposits has proved to be a limiting fac¬ 
tor of production. The Committee recommends 
that detailed investigations should be tamed at 
proving sufficient mineable deposits for the 
requisite level of production related to the 
demand for coal estimated for 1990-91. On 
broad calculations, it appears that even the level 
of production from different fields as suggested 
will lead to the Western and Northern regions 
being in deficit and to these regions coal will 
have to be transported during the period from 
Bengal-Bihar area. Bengal-Bihar coalfields arc 
old coalfields having over 50 per cent reserves 
of the country including prime coking coal and 
good quality non-coking coal. Raniganj and 
Jharia coalfields produced about 52 m. tonnes 
out of a total of about 78 m. tonnes in 1973-74. 
In the period upto 1990-91 a little over half the 
coal, requirement of the country will continue 
to be produced in these regions. Korea-Rewa hi 
Central India, Pench-Kanhan in Madhya !ha- 
desh. Chanda in Maharashtra and Singareni in 
Andhra Pradesh were developed as outlying 
coalfields to supply the requirements of die 
Western and the Southern regions. Amm. 
Bokaro and Karanpura coalfields were originally 
developed as minor coalfields to supply some 
specific requirements. It is during the Seexmd 
Five Year Plan period that extensive develop¬ 
ment of mechanized open-cut mining was made 
in Karanpura and other outlying fields. During 
the Third Five Year Plan period, extensive new 
developments in Korba, Talcher, Tawa Valley. 
Umrer. Silewara, Korea-Rewa as also deep 
mining in Jharia coalfields were taken op. 
During the Fourth Five Year Plan, the estaMish- 
ment of the new mines in Singrault coalfield 
provided a rational source of supply in die ttwly 
years for meeting the needs of the Northern 
region. During the Fifth Five Year Plan, new 
mines will be added in all the coalfields. During 
the Sixth and Seventh Plan periods, it is possibje 
that many old mines in Pench-Kanhan, Jharia 
and Raniganj will be exhausted of coal reserves 


•proTOd plas indioated pins Inferred reserves. 
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and many of the existing mines will have to 
go deeper in their workings. When mines are 
exploited nt such great depths^ sophisticated 
equipment is needed both for mining and for 
safety. Adequate equipment should be made 
available either by developing indigenous capa¬ 
city for its manufacture or by import. Adequate 
replacement of mines will have to be planned 
for by early Sixth Plan and the new coalfields 
like Singrauli, Rajmahal. North Karanpura. 
Hasdeo-Arand etc. will increase in importance. 
The Committee recommends that a careful 
perspective of coal production should be planned 
on the basis of the information available and 
suitable action for exploitation and mine plan¬ 
ning \taken in advance in the different coalfields. 
This perspective plan for the coal industry should 
be followed by preparing a shelf of project re¬ 
ports well in advance of each plan period. A 
Central Mine Planning and Design Institute has 
been set up at Ranchi. This institute will be 
developed with Polish Collaboration. It is de¬ 
sirable that this Institute does not confine its 
^activities only to the preparation of project re¬ 
ports but participates in all activities connected 
with the formulation and implementation of the 
perspective plan for coal. This would include 
exploration: and detailed investigation {in asso¬ 
ciation with the Geological Survey of India and 
Mineral Exploration Corporation) of promising 
areas, assessment of their potential over a period 
of 20—25 years, suggestion of priorities for deve¬ 
lopment and preliminary feasibility studies of 
the projects. In this connection, the Committee 
would like, to emphasise the importance of pro¬ 
viding adequate power supply for the collieries 
and washeries- It has been reported that there 
are frequent interruptions and breakdowns of 
power supply in the coalfields areas resulting in 
the hampering of production and occasionally 
endangering the safety of the mine workers 
The Committee suggests that seps be aken 
urgently to eliminate this drawback and ensure 
adequate and uninterrupted power supply to col¬ 
lieries and washeries. 

Coldly coal 

Categorywise and Gradewise Coal Demand : 

7.15. Coal can be classified into two broad 
categories, namely, coking coal which is required 
for the metallurigical industry and non-coking 
coal which includes ail coal other than coking 
coal. It is difiBcult to describe in general the 
different quahties which make coal suitable for 
metallurgical purposes but the most important 
is its capacity to be converted to coke measured 
by its coking index. Coking coal is classified into 
three different types, namely, prime coking coal, 
mecfium coking coal and semi-coking or blend- 
able coal. Of these, prime coking coal is the 
most important as it is a necessity for the pro¬ 
duction of steel usit^ the conventional steel 
production processes. Medium coking and semi¬ 


coking coals are useful for the production ot 
coke when they are used along with the prime 
coal in the coke ovens. The pattern of utilisation 
of different categories of coking coal would 
depend on the anticipated level of production of 
steel, the relative availability of different cate¬ 
gories of coking coal and the range of technical 
blending possibilities^ The estimate of coking 
coal demand is as follows: — 

Table 7.8 


Coking coal demand 1978-79, 1983-84 and 
1990-91 



1978- 

79 

(Million 

1983- 

84 

tonnes) 

1990- 

91 

Prime eoking coal 

17-6 

28-0 

46-0 

Medium coking coal 

170 

220 

39-0 

Blendable coal 

1'7 

.30 

60 

Total 

36-3 

63-0 

90-0 


Notes ; 

(i) Estimates correspond to the following anticipated 
hol-metal production in the sted industry: 

M. tonnes 

1978-79 .... 14'3 

1983-84 . . , . 22-3 

1990-91 .... 36-0 


The production of steel by electrical arc furnace 
is not taken note of and any production from’ 
this source will be additional to the levels of 
steel production assumed in these calculations. 
The coal requirements for the manufacture of 
hard coke from merchant coke ovens have been 
taken note of. 

Resource availability and conservation ot coldm 

coal 

7.16. In Chapter IV, we have indicated that 
the total availability of coking coal proved, indi¬ 
cated and inferred categories will be about 
20,154 m. tonnes. The proved categories add 
upto only about 9,000 m. tonnes. Only above 
50 per cent of the coal available in the ground 
can be extracted using mining techniques now 
in practice. As most of the coking coal is of 
high ash content, it requires to be washed be¬ 
fore it can be used for coking. In washing about 
45 per cent of the coal is lost as middlings and 
rejects and only 55 per cent is obtained as wash¬ 
ed coal suitable for feeding into coke oVens.^ It 
should, however, be noted that new coal ptei»- 
ration techniques and development in steel tech¬ 
nology may improve these ratios. But in our cal¬ 
culations no improvements have been assumed 


(it) Blends and washed coal requirements are assumed 
for all merchant ovens. 

(m) Progressively prime eoking coal of higher ash 
content is assumed to be u^. 
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as no definite indications are available in this 
ditfection as of today. A systematic analysis of 
the prime, medium and blendable coal reserves 
and their likely demand over time indicates that 
prime coking coal may get exhausted in about 
40 years* time. The medium coking coal may 
last for some more years. However, as prime 
coking coal is essential for metallurgical purposes, 
it is necessary to take all efforts from now on 
for the conservation of prime coking coal, in 
particular, and of coking coal, in general. If the 
,^atio of prime coking coal used in the steel in¬ 
dustry is not reduced to technically feasible 
limits, the exhaustion of our prime coking coal 
reserves will be speeded up further (as the cal¬ 
culations of this Committee is based on such 
reduction being achieved gradually). 

7.17. Research conducted by the Central Fuel 
Research Institute has established the maximum 
quantities' of medium coking coal and blend- 
able coal that could be added to prime coking 
coal in the coke ovens. Based on these researches 
as well as taking into account the facilities for 
blending at the steel plants, the CFRI had esti¬ 
mated the optimal blend possible by 1978-79 as 
follows : — 

Ratio of the blend in percentages 


Prime coking coal 

• • « « 

•• 

60 

Medium coking coal 

• « f * 

• • 

43 

Blendable coal ., 

* « • • 


7 


Total 


100 


Individual plants might be taking the different 
varieties in proportions which arc somewhat 
different but thie steel industry as a whole is 
expected to conform to the above blend. In¬ 
spite of the great urgency for conserving the 
prime coking coal resources, the actual degree 
of utilization has exceeded what is technically 
desirable. The following Table gives the blend 
of coking coal allocated to the steel plants during 
March. 1973: — 

Table 7.9 

Share of prime, medium and blendable coking 
coal used in the steel industry 


Coal allocations to Prime Medium Blendable 
plants 




(Percentages) 


Bhilai 

.. 

66-8 

38-4 

6-8 

Bourkela 

• . • • 

42-9 

46-2 

119 



fiO-6 

68-6 

18-1 

310 

21-3 

10-4 

usco 

* • . t 

76-7 

16-9 

7-4 

Bokaro 


67-1 

42" 9 


Average for all plants .. 

67-6 , 

32-8 

9-7 


The reasons for this appear to be the easier 
availability of prime coking coal and the lack 
of selective crushing facilities at the steel plants. 
Production of the different grades of coking coal 
in future will need to be planned in accordance 
with the proportion in which they are needed 
in the steel plants and adequate crushing and 
preparation facilitits have to be installed in all 
steel plants. The planning of metallurgical coal 
mines and the construction of steel plants will 
have to be carefully synchronised. As steel and 
coking coal production have been placed under 
single authority, such synchronised planning 
should be easy. 

7.18. While all methods of conserving of coal 
and a greater degree of conserving of coking coal 
could be taken up in the long run, the Steel in¬ 
dustry in India should also plan for the produc¬ 
tion of steel when coking coal becomes scarce. 
There arc four technical possibilities of conserv¬ 
ing coking coal: — 

(i) Use of small quantities of low sulphur 
heavy stock (LSHS) and fuel oil of 
certain quality partially in place of coke. 

(ii) Pre-reduction of iron ore. 

(iii) Developnient of the technology for the 
use of beneficiated non-coking coal (like 
formed coke) for steel making. 

(iv) Injection of coal dust/producer gas. 
The use of LSHS can be adopted even in the 
short run while the others are distant possibili¬ 
ties. It is necessary that research and development 
activities in this regard are speeded up from now 
on. 

Stowing with crushed material 

7.19. One method of increasing the availa¬ 
bility of coking coal is the use of stowing. A 
large part of Indian coal mining which involves 
mining of thick seams underground calls for 
stowing in Jharia, Bokaro and Karanpur coal¬ 
fields. There is extreme shortage of Sand needed 
for stowing and this has stood in the way of 
higher percentage of extraction. It is considered 
necessary that arrangements for stowing crushed 
stone locally available be made so as to permit 
mining of underground coal from thick coed 
seams. This will help conservation of under¬ 
ground coking coal and high grade non-coking 
coal in Jharia. A long-term plan for meeting the 
stowing material requirements of the coal indus¬ 
try should be drawn up and implemented. 

Open-cavt mining in Jharia coalfidda 

7.20. It is realised that with the limitations of 
coking coal reserves in the country, especially the 
prime coking coal variety, there would be con¬ 
straints on planning for large scale steel produc¬ 
tion beyond say 30 m. tonnes of hot metal. One 
of the ways to increase extraction percentage 
of coal is to win the coal by open-cast mining 






49 


wiith. say, 90 per cent coal recovery as against 
the underground mining, which gives an average 
recovery of only 50 per cent Of coal reserves. 
From the aspect of stowing of coking coal and 
with a view to prolon^ng the li^ of the'reserve§ 
it would be worthwhile to takO up studies for 
examining the possibility of large scale mecha¬ 
nised open-cast mining in Jharia coalfield with 
much higher overburden to cOal ratio. It is 
recognised that there are technical problems as 
some of the areas are already honeycombed by 
underground first workings and some areas are 
subject to fire or seams have already caved in, 
apart from the problems of surplus workers and 
built-up areas. This matter needs to be studied 
in depth, in the context of the need for higher 
level of hot metal production and maximising 
the indigenous availability of metallurgical coal. 

Wadiories 

7.21. As already indicated, the reserves of 
coking coal are poor in quality and require bene- 
ficiation before they can be used for metallur¬ 
gical purposes. Normally, the steel plants prefer 
coking coal with ash content of less than 17 
per cent. Most of the coking coal in India has 
ash content above this limit of acceptability and, 
therefore, requires to be washed. There are 14 
washeries in the country at present, 10 of which 
produce three products, namely, washed coal, 
middlings and rejects and the rest of which pro¬ 
duce only two products viz. wiashed coal and 
sinks. The Energy Survey Committee recom¬ 
mended that it will be in the national interest 
to have only two product washeries in future. 
But experience has shown that the quality of 
sinks obtained from two product washeries is 
unsuitable for power plants as they contain a 
lot of abrasive material, besides ash which im¬ 
pair the efiScient functioning of the power plant. 
A later technical Committee* has recommended 
that here should'only be three product washeries 
in future and that steps should be taken to con¬ 
vert the two product washeries into three pro¬ 
duct washeries. The discussions with the con¬ 
sumers of the middlings and the coking coal 
producers lead this Committee to the view that 
in future there should be only three product 
washeries. 

7.22. A study of the availability of different 
grades of coal for the metallurgical industry in¬ 
dicates that there will be need for washing blend- 
able coal also from the years after 1978-79. So 
there would be need for building up washeries 
to the extent of about 2 m. tonnes capacity 
each year during the next decade and probably 
around 3 m. tonnes each year in the period 
beyond the Sixth Plan. The capital cost of 
washeries and the operating expenditure of 
washing have been increasing. Tt is necessary to 
undertake research for evolving suitable designs 


for washeries which are best suited for washing 
Indian coal and which would reduce the costs 
of washing coal. 

Qualitywise demand and supply of non-coking 

coal 

7.23. Non-coking coal is classified into diffe¬ 
rent grades on the basis of the ash and ip>isture 
content. Consequent on the classification based 
on ash and moisture content, the calorific value 
of different grades also changes. Within each 
grade, there is a slight change in the calorific value 
based on whether the coal is of high moisture 
or of low moisture variety Broadly, the classi¬ 
fication is as follows: — 


Grade 

Ash oontent 

Calorific value 
Kilo-pal/kg. 

USA 

. 16% to 17% 

6360 to 6480 

Grade I 

. 17% to 20% 

6960 to 6360 

Grade 11 

. 20% to 24% 

6660 to 6860 

Grade III A A B 

24% to 36% 

6000 to 6060 

Ungraded 

. 35% to 40% 

Below 6000 


Not£ 8—1. Singareni and Aaaam coals are not graded 
Broadly they would correspond to Grade 11 and Seloctod 
‘A’ Grade respectively on the basis of ash oonteht. 

2. The above figures relate to low moisture coal. The C. V 
of high moisture coals ares slightly lower in each grade. 

7.24. During the period when there was distri¬ 
bution control for coal, the quality of coal to be 
allotted to different consumers was determined 
with reference 4o the technical requirements 
(adjustments were always made on considerations 
of availability and historical usages). After the 
removal of the control over coal distribution, the 
use of different grades of coal is determined by 
consumer preference. Due to inadequate differen¬ 
tials between the prices of superior coals and 
inferior grade coals, there is always pressure on 
demand for superior grade coals. After nationali¬ 
sation, quality-wise distribution is being attempt¬ 
ed consistent with the requirements of the con¬ 
sumers and the availability of coal in the vari¬ 
ous coalfields. It is difficult to project the de¬ 
mand for different grades of coal as most of the 
industries can use any grade of coal provided 
of the (ement units and about 50 per cent of the 
the furnaces are designed specifically to use that 
grade of coal. On broad calculations, it can be 
stated that the requirements of railways, most 
industries will have to be supplied in the form 
of superior grade coals, while the rest of the 
industry, power houses, domestic and other re- 
quit ements could be supplied inferior grade 
coals. 


♦The Committee Coal W^'sheries heaided by Shri K. S. R, Chari, 1972. 
I./P(D)19 iMofBnorgy—5 
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7.2!>, Kfeserves oi selected grades of non-cok¬ 
ing coal are estimated at about 400 million ton¬ 
nes only. This includes 136 m. tonnes of Assam 
coal which has high sulphur content and is also 
located far away from the points of possible in¬ 
dustrial consumption. The utilizable quantity of 
selected grade coal appears to be severely limit¬ 
ed. Grade I and Grade II coals are relatively 
more jdentiful, the total proved reserves being 
about 3600 m. tonnes. Of this about 2200 m. 
tonnes are in the Bengal-Bihar coalfields. As 
most of the industrial consumers prefer to use 
this ^radc ui coal, increased use of coal for in- 
dustnes may call for production increases in the 
Bengal-Bihar area and transportation to other 
regions. The remaining coal is of the lower cate¬ 
gories and is available in all the other coalfields 
in the country. The largest deposit of low grade 
coal appears to be in Singrauli coalfield. The 
increasing use of coal for industries will have to 
be based either on th> increased production of 
superior grades lying in Bengal-Bihar or .by the 
use of washed coal or by washing inferior coal 
available in the outlying coalfields. 

7.26. Washing of non-coking coal is a costly 
process and leads to large increases in the cost 
of washed coal. Other methods of improving the 
quality of coal supplied to consumers, like simple 
high specific gravity washing of coal, handpick¬ 
ing of better grade coal and proper sizing of coal 
by screening, etc., should therefore be explored 
and the choice ot ’ beneficiation’ decided with 
due regard to consumer requirements, available 
grades of coal, the scale of the required opera¬ 
tions etc. Most ov the consumers require a speci¬ 
fied grade of coal and not necessarily a superior 
^ade of coal. Among the numefous characteris¬ 
tics of coal, each consumer class considers cer¬ 
tain specifications as pitical to its needs (like ash 
fusion temperature in respect of coal power 
plants). Changes in the quality of coal, especially 
variations in the critical specifications, lower the 
eflBciency of fuel utilisation and may even lead to 
damaging the coal using equipment. The coal 
industry should therefore accept the responsi¬ 
bility to supply on a long term basis, an agreed 
grade of coal, by changing if necessary the 
source of coal supply from time to time or by 
blending different grades of coal to make up the 
r^uired grades. Alternatively the washeries 
should be set up to beneficiate the coal and sus¬ 
tain the specified quality. Power stations will 
also have to take care in designing the boilers 
based on correct appreciation of coal character¬ 
istics. 

Sectorwise consumption 

7.27. In Chapter II, an analysis of the past 
trends in the sectorwise consumption of coal was 
made, taking into account only the coal used 
directly; coal used for power generation was ex¬ 
cluded m the analysis, as energy used as elec¬ 


tricity (including electricity generated from coal) 
was separately examined in that Chapter. For 
evolving a policy for the coal sector, it is of 
interest to take the total coal consumption includ¬ 
ing consumption for power generation and to 
analyse the sectorwise composition of consump¬ 
tion. The Table below sets out the consumption 
• in different sectors in 1970-71 and the anticipated 
consumption as per estimates set out in Chapter 

Table 7.10 

Sectorwise Consumption* of Coal 1970-71 to 
1990-91 


(In m. tonnes) 


Sector 

1970.71 

1978-79 1983-84 

1990-91 

1. Mining and Manufac¬ 





turing . 

31-9 

61 

88 

162 

2. Transport 

161 

13 

11 

10 

3. Domestic 

4*1 

10 

23 

33 

4. Energy Sector (Power 





Generation) . 

14*0 

63 

80 

144 

5. Others , 

0-3 

1 

2 

3 


NoTJts—*Basod on case II estimates. 

(i) Quantities in tlie table exclude colliery consumption. 

(»») Coal used in non-energy sector i.e., as fertiliser feed¬ 
stock is excluded from the above. 

[Ui) There is no coal use in agriculture sector. 

[iv) Row 1 excludes quantities of middlings generated in 
steel sector but used in power sector. 

[v) Row 4 includes coal consumed as middlings for power 
generation. 

[vi) Bow 6 includes export. 

7.28. The percentage shares of different sectors 
in total coal consumption show interesting trends 
as set out in Table below: 

T,\ble 7.11 

Sectorwise Share of Coal Consumption 
1970-71 to 1990-91 


(In percentage) 


Sector 

1970-71 

1978-79 

1983-84 

1990-91 

1, Mining and manufao- 

turmg ., ., 

48-3 

44‘2 

431 

44-4 

2. Transport. 

22-9 

9-4 

6-4 

2-9 

3. Domestic 

6-3 

7-3 

11-3 

9-7 

4. Energy Sector (Power 

generation) ■ .. 

22-1 

38-,4 

39-2 

42-1 

6. Others 

0-6 

0-7 ' 

1-0 

0-9 

Total 

ico-to 

100.00 

100.CO 

lor.o 


Total . 66-0 138 204 342 
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The shafe of total coal used in the mining and 
manufacturing sectors will continue to be around 
45 per cent throughout the next two decades. 
The share of the energy sector will rise very 
rapidly in the next five years and at a slower 
rate from then on. The share of tjhe transport 
sector in the total coal will taper off very rapidly. 
The factors which, influence these trends deserve 
careful consideration. 

Uw of coal in power sector 

7.29i The electrical energy anticipated to be 
derived from coal-based thermal power stations 
and the likely requirements of coal for generat¬ 
ing that power are set out in Table below: 

Table 7.12 


should consider the loading arrangements at each 
end and give suitable suggestions. The Electricity 
Boards which operate the power stations should 
give greater attention to the problems of coal 
handling and storage; optimal stock levels for 
each plant should be worked out with reference 
to the source of coal supply, its distance from 
the power plant, reliability of the. raildink. the 
seasonal variations in these factors, etc. In re¬ 
cent years the failure , of the monsoon and the 
consequential reduction in the supply of energy 
from hydel system necessitated greater utilisation 
of the thermal system. At this stage the arrange¬ 
ments for coal supply proved inadequate which 
led to serious difficulties. In the coming years, 
when power sector will consume a very large 
share of total coal, even small seasonal varia- 


Coal Requirements of the Power Sector 


Eatimated Total 
Power coal 

genera- demand 

tion from 

Of (13) the likely 
m^pply of 

UUOi UCbTOU 

power 


Coal 

Middlings 

planta 

(m. 

(m.), 

(m. 

(b. kWh) 

tonnes) 

tonnes) 

tonnes) 


** 

1972-73* . 36 19-6 17'5 2 

1978-79 . 74 63 48 6 

1983-84 . 116 80 68 12 

1990-91 _ . 224 _144_126_ 21 

*Provi«ion»l. 

The demand for coal for power generation 
may almost double in the next five years and 
may increase by a lower factor in the VI Plan. 
The share of middlings in the total coal con¬ 
sumed in the power sector may increase from 
10 per cent in 1978-79 to 15 per cent by 1983-84 
and continue at a little over this level thereafter. 

7.30. Power sector will be the most important 
coal using sector in the economy in the coming 
years. Tne new developments in the power 
generation technology like large unit sizes of 
generating plants and the setting up of thermal 
power stations with a battery of generating plants 
at one site will call for the movement of large 
quantities of coal to a few consumption points. 
As an illustration, a power plant with 1000 MW 
capacity may require 3 million tonnes of coaj 

E er year; in other words, the power station will 
ave to receive nearly 10,000 tonnes of coal per 
day. Such large movements to one destination 
will require detailed planning of the supply, 
years ahead of the requirements. The arrange¬ 
ments for supply of coal to large power stations 
should not only ensure the synchronised develop¬ 
ment of the coal mine and the power plant but 
also the setting up efficient handling systems at 
the mine site and the power station. Coal Fields 
Linkage Committee, recently established by the 
Government to examine and approve the specific 
coal supply poinfs for each major consumer, 


tions in the demand of coal will affect the coal 
supply to other sectors; coal industry cannot 
meet any sudden increases in coal demand with¬ 
out seriously curtailing supplies to other sectors. 
This difficulty may be mitigated to some extent 
by building up adequate stocks in the major 
power stations to meet the increased demands in 
the drought years: As indicated in Chapter IX, 
the preparation of coal will increase the efficiency 
of fuel usage in power stations by about 10 per 
cent. It is also important to note that it may not 
be possible to supply large quantities like 3 mil¬ 
lion tonnes annually for a number of years from 
the same mines without variation in quality. Jn 
the major power plants it would be useful to 
have arrangements for sizing, blending and pre¬ 
paration of coal before it is fed into the boilers 
so that the possible changes in quality of coal 
received, are taken care of. 

7.31. Quality wise, thermal power stations 
W'ould have to consume as far as possible high 
ash coal or washery middlings. The power plants 
also have to use more elaborate material handl¬ 
ing system, ash disposal system etc. It is. there¬ 
fore, necessary that power plants should be given 
adequate price incentives to use the low grade 
coal. This is of particular significance in the 
pricing of “middling”. The power projects based 
on the use of middlings are dependent on the level 
of utilisation of the washery for adequate mid¬ 
dling supply and the power plants have to use 
this middling, even though relatively superior 
grade of coal may be available in the area. It is 
necessary therefore to have a suitable pricing poli¬ 
cy for the use of middlings for power generation, 
if such use is to increase as estimated in the Re¬ 
port to about 21 million tonnes by 1990-91. 

7.32. The supply of middlings to the power 
stations depends on the level of utilisation of 
the washeries which, in turn, would depend on 
the demand for washed coal from the steel in¬ 
dustries. The estimates of the availability of mid¬ 
dlings have been made with reference to certain 
assumed levels of steel production. If there is 
any shortfall in steel production, there is bound 
to be reduction m the availability of middlings. 
It is, therefore, important that the construction 



a£ power plaats based on middlidgs and steel 
plants is synchronised. Even if the plants come 
into operation simultaneously, there may be fluc¬ 
tuations in the demand for colcing coal. It may. 
therefore, be desirable to keep certain alternative 
sources of supply of inferior grade coals in the 
nearest possible source to serve as a contingent 
source of supply. 

7.33, A region-wise analysis of the demand for 
coal for power generation indicates that the 
southern and the western regions will be short 
of coal supplies from their regions. It is difficult 
to forecast the region-wise requirements of coal 
for power generation at different points of time 
in future. Broadly speaking, the northern region 
will be dependent heavily on the hydel power 
stations supported by a system of thermal power 
stations. The best source of supply of coal for 
power stations to north India would be SingrauU 
coalfields, the large scale development of which 
is j^anned; but the development of Singrauli 
coalfields is not likely to keep pace with the de¬ 
mand from power stations in the northern region. 
There is need, therefore, to increase the trans¬ 
port capacity from the Karanpura coalfield.s to 
north India. For the western region, the coalfields 
of Tawa Valley. Pench-Kaahan, Korea-Rewa. 
Korba, Chanda, Kamptee and Umrer will be the 
convement sources of supply. Of these, a large 
dept^it with possibilities of open-cut mining is 
avadable m Korba. In addition, the coalfields of 
Hasdeo-Arand Raigarh etc. in Madhya Pradesh 
will have to be developed to meet the require¬ 
ments of the western region power stations in the 
Sixth and Seventh Plan periods. Another possi- 
Dihty IS the movement of coal by ships along the 
coast from the Bengal-Bihar region to power 
stahons to be located at port sites in the western 
re^on. Careful planning for such power stations 
wm have to be drawn up in advance of the Sixth 
Plan so that optimal transport arrangements 
coiud be planned. The southern region has Singa- 
rem coalfields and lignite deposits at Neyveli to 
provide the major fuel requirements for power 
generation. Only one-fourth of the 2000 m. ton¬ 
nes of gross reserves of Singareni have been 
proved. There is need for proving more reserve 
by taking up detailed investigations of the depo¬ 
sits. as early as possible in the Fifth Plan so as 
to provide the basis for planning power plants 
lor meetmg the requirements in the Sixth Plan 
and the Seventh Plan. A number of examinations 
of the power requirements of the southern region 
lead us to the conclusion that development of 
lignite deposits in Neyveli should be expedited 
to provide the fuel for thermal stations in the 
deep south. It may be noted that the southern 
region is fast exhausting the easy resources of 
hydel power and has to go in for large hydel 
^wer stations with long gestations or a few 
micro hydel power stations with minor contribu- 

There is, therefore, 
need to plan for increased production of Singa- 
rem coal and Neyveli Lignite. Even then, consi¬ 


dering the requirements for other uses also, there 
is a case for movement of coal from Bengal- 
Bihar to southern region. It ipay be necessary tp 
examine the feasibility of setting up power plants 
in southern region based on coal from Bengal. 
Taking an overall view of power requirements 
and coal supply feasibility, // is diear that, mean¬ 
ingful plans for thermal power generation have 
to be drawn up from now on, in a coordinated 
manner with the plans for coal production in this 
region. y4s the requirements of power sector are 
fairly well edablished, the detailed investigation 
for coal mines to supply the requirements of the 
power stations should be taken on hand imme¬ 
diately 

Coal for mining and manafacturing sector 

7.34. The requirements of steel industry have 
already been discussed in paragraphs relating to 
coking coal. The important industries using non¬ 
coking coal are cement, textiles, paper, sugar, 
chemicals, jute, etc. The fertilizer industry has 
so far been using coal for ste^im raising only. 
But during the Fifth Plan period, three fertilizer 
plants at Korba. Talcher and Ramagundam will 
require coal as feedstock. In the estimate of de¬ 
mand, we have taken note of the increase in de¬ 
mand from the major industries including the 
demand for coal as feedstock for nitrogenous 
fertilizer. The forecast, of demand has made 
some marginal adjustments for the shifts in the 
technology of manufacture of cement and some 
improvements in efficiency in the other indus¬ 
tries. Most of these industries can use inferior 
grades of coal: but industries like glass and 
certain chemical industries and some of the ce¬ 
ment units will require superior grades of coal 
as the temperature to be raised in these units may 
be very high. It is difficult to estimate region- 
wise demand for coal for industrial uses. Indivi¬ 
dual industries, except the cement plants and the 
fertilizers plants, will require relatively small 
quantities of coal as compared to the poWer 
plants. There is another category of industrial 
consumption of coal, namely, the brick-kiln in¬ 
dustry which will require coal for a large number 
of kilns all over the country, and each of these 
consumers will require a small quantity. It iS in 
this context that the planning of coal dumps as¬ 
sumes importance. The dumps will enable the 
individual industries to operate with lower in¬ 
ventory of coal without endangering the security 
of supplies. The major regions of coal demand 
for industrial use are fairly well known. The 
cities of Bombay, Calcutta, Madras, Ahmeda- 
bad. Patiala/Ludhiana, Hyderabad. Bangalore, 
Kanpur are examples of the industrial tows 
where there will be an increasing demand for 
coal for industrial use. If coal requiriments for 
the industrial consumers, which will increase over 
time, is to be met satisfactorily, coal dump will 
have to be set up in all the major industrial 
regions. 

7.35, It may be noted that movement to the 
coal dumps should also be supplemented by the 
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moVertient directly to large consumers which can 
be planned without reducing the efficiency of coal 
movement by rail. There would be a five fold 
increase in the next tyVo decades in the require¬ 
ment of coal for mining and manufacturing sec¬ 
tors and this would call for detaihd planning 
frbm now on and the locational policies regard¬ 
ing industries should be consistent with the 
plants for the production and movement of coal. 

Coal for transport sector 

7.36. Historically, railways were the largest 
single consumer of coal, but with the increasing 
intensity of traffic on the railway system, steam 
locomotives have lost their advantage to diesel 
and electric locomotives which can run faster 
and can haul greater loads per train. The studies 
indicate that except on rail routes where the 
annual traffic is less than 5 m. tonnes, it would 
be uneconomic to use the steam locos. It is, 
therefore, unavoidable that the use of coal in 
the railway system would be slowly reduced. 
(Optimisation of the traction with different 
modes of traction is discussed separately later). 

The steam locomotive fleet of the Indian Rail¬ 
ways in 1990-91 is expected to consist of about 
5500 locos i.e. about 60 per cent of the existing 
number. The coal demand at that time would be 
about 10 m. toimes. As the railway requirements 
of coal will get reduced from now on, till 1990-91, 
there is no meed to draw up special plans for en¬ 
suring the supply of coal to the railways. 

7.37. Some quantities of coal are used for 
steamer services in the Ganga-Brahmaputra 
water-based system. With the increased trade and 
commerce between India and Bangladesh, this 
traffic is likely to grow. But the quantities of coal 
will continue to be relatively small and, as this 
region is very near the coalfields, no special plans 
need to be drawn up for this purpose. 

Coal for domestic sector 

7.38. The domestic sector will require coal in 
all its raw forms to be processed as a smokeless 
solid fuel or gas. The demand for soft coke is 
kept under severe constraints by the lack of avail¬ 
ability of soft coke at the consunjer end. Since 
the pressure On forest fields and kerosene has to 
be reduced, the supply of coal to the domestic 
sector has to be increased. As calculated in this 
Report, the supply of coal to the domestic sector 
vifll be more than double in the Fifth and the 
Sixth Plan periods, and from then on, will increase 
iat a somewhat lower rate. 

7.^9. Most of the processes of conversion of 
coal to smokeless solid fuel with relatively lower 
investment costs, a re based on the use of coking 
coal, thohgh of lower grades. Non-coking coal can 
also be prbCessed by adopting the low tempera¬ 
ture carbonization process which will. require 
higher level of investment per unit of soft coke tothe 


be produced. The Committee had recommended 
in the report on the Fuel Policy for the Seventies 
that action should be taken to set up two low 
temperature carbonization plants and it is gratify¬ 
ing to note that action is being taken to set up 
two plants—one at Singareni and the other near 
Calcutta. In the context of the current oil situa¬ 
tion. more units based on the LTC process may 
have to be set up. But throughout the period upto 
1990-91, a major portion of the domestic coal re¬ 
quirements will have to be met by using the low 
grade coking coal which is available in the Bengal- 
Bihar region. This will lead to an increase in the 
demand for railway movement of domestic coal 
from Bengal-Bihar to various parts of the country 
since the success of all efforts to supply soft coke 
to the domestic sector will depend on the cap¬ 
ability of the railway system to move coal from 
Bengal-Bihar. The Committee would therefore 
recommend a careful pldn to be drawn up for in¬ 
creased movement of soft coke from the Bengal- 
Bihar region to the urban centres in the country. 

Exports 

7.40. Indian coal with its high ash content has 
a handicap in competing with coal from other 
coal exporting countries. The countries which are 
geographically near to India and are poor in 
energy resources, would be dependent on export¬ 
ed coal from India. However, the increasing 
pollution consciousness in different countries may 
increase the demand and the fact for Indian 
coal which has a very low content of sulphur; 
this may. in course of time, help in developing 
an export market for Indian coal. We have esti¬ 
mated a somewhat modest export possibility of 
only 3 m. tonnes by 1990-91, This should be 
taken as a lower limit and separate plans for 
opening up export-based coal mines near the 
ports of Haldia and Paradeep may be drawn up; 
and possibilities of exporting this coal to Bangla¬ 
desh and Burma and countries in the Pacific 
region will have to be separately considered 
without affecting domestic requirements. 

General problems of the coal iiidvstry 

7.41. The coal industry as a whole has certain 
general problems which require very careful 
examination. These are— 

(1) Problems relating to increasing produc¬ 
tivity in the coal mines; 

(2) Developing the transport capacity for 
coal movement; 

(3) Beneficiation of coal to gas; and 

(4) Equiptnent supplies for coal production. 

Prodnefivity 

7.42. Productivity in the mines is normally 
measured in terms of “output per manshift” 
(OMS). The OMS, in mines will vary throughout 

country with the extent of mechanization 
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adopted in India. In the early days of the coal 
industry in India, the mines were mostly non- 
mechanized and underground where production 
was based on primitive methods. The producti¬ 
vity in the mines was very low. But with the in¬ 
creasing mechanization in the mines, there has 
been steady increase in the OMS. The new 
mines which are opened up as Open-cast mines 
are based on the use of sophisticated machines 
like draglines, excavators, shovels and dumpers 
which give high productivity. In the new mines 
which are proposed to be opened, the output 
per manshift is around 0.8 tonnes per manshift 
in underground mines and about 4.5 tonnes in 
open-cast. The steady increase in the OMS of 
underground mines and open-cast mines and the 
total coal industry can be seen from the Table 
below: — 

Table 7.13 


a similar kind elsewhere; but an expost facto 
analysis of the mines which have been opened 
up during the Third and Fourth Plan periods 
shows that in very few mines the OMS has come 
up to the levels anticipated in the project reports. 
The reason for this is poor utilization of 
machines. While the labour force engaged in the 
mine is often in excess of the anticipated labour 
force, the machine utilization is very low com¬ 
pared to the projections made at the time of 
approving the mine proposals. The following 
Table sets out the expected and actual utilization 
of coal mining equipment in a major coal pro¬ 
ducing company. 

Table 7.14 

Expected and actual utilization of certain items 
of coal mining machinery in a major coal 
producing company. 


Expected Aotuel 
utiUza- utiliza¬ 
tion (Aa tion 1971 

Item of Equipment percentage 

of ihift 
honrs) 


Open.east Equipment 

1. Shovels 


60-S 

34-4 

2. Draglines .. 


77-2 

41-2 

3. Dumpers 


88-7 

18-8 

4. Dozers 


41-2 

21-8 

6. Coal haulers 


62-6 

16-8 

6. Drills .. .. 


60'0 

20-6 

7. Overall weighted average 

• * 

44-5 

21-4 


B' TJjiderground Equipment {face machinery) 

Percen¬ 
tage of 
total* 
number 
opera¬ 
tion 


Trend of output per manshift in coal mines 


D.M.S. of all persona 



Below 

ground 

Open 

oast 

Below 

ground 

and 

opencast 

All in the 
mines 

1961 

0'68 

0-54 

0-67 

0-85 

1966 

0-61 

062 

0-60 

0-39 

1961 

.. 0'86 

O'64 

0-66 

0-46 

1966 

0-76 

0'99 

0-79 

0'56 

1971 

.. — 

— 

O'96 

0-67 

1972 

.. — 

— 

0-94 

0-66 


SovRcn—Statistics of Mines in India (for years npto 1986) 
and Monthly Coal Bulletin for 1971 and 1972, both published 
by Direotor General of Mines Safety. 

It is noteworthy that inspite of the low produc¬ 
tivity of around 0.6 tonnes per man shift, the 
wage cost of Indian coal is low and this makes 
the coal produced in India at the pit-mouth 
among the cheapest in the world. A discussion 
on the productivity and wage cost and the 
principles of production cost may be seen in 
Chapter XI. It is of the utmost importance that 
if the coal production in the country is to go 
up at the rapid rate envisaged in this report 
productivity in the coal mining industry must 
increase. It will not be meaningful to compare 
the productivity in India as a whole with the 
productivity of the coal industry in other coun¬ 
tries when the mixture of technology used in 
coal production in our country is different from 
that of the other countries. But it would be 
valid to compare the production in specific mines 
proposed for opening up now with the produc¬ 
tivity in similar mines in other countries which 
also used the same kind of equipment. An ana¬ 
lysis of the new coal .mining proposals indicates 
that the anticipated output per man shift in these 
compares favourably witli that of the mines of 


1. Shuttle earn.. .. 

i . « • 

71 

2. Loaders 

. . . * 

71 

3. Coal cutting machines 

' • . • 

86 


•Expected productivity of these maohinei and the 
actual realization are not available. 


7.43. Almost all the mines proposed for de¬ 
riving additional production are mechanised 
mines. The production per man or production 
per machine in these mines can be reused as 
per the anticipation only if the machines are 
properly maintained and used apd the labour is 
adequately trained in the use and maintenwee 
of these machines. The mechanization of mines 
will have to be accompanied by training of the 
mining labour to use these machines. In _ the 
past, part of the labour used m mines, especially 
the privately owned mines, were contract labour 
who were not given the benefits which were legally 
due to coal mine workers. With the nationaliza¬ 
tion of the mines, all the workers will receive 
their legal dues. Moreover, lowering of producti- 
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vity will lead to huge losses to the coal industry 
which could be made up only by increasing 
the cost of coal to the consumer. The Committe 
would therefore like to emphasise the import¬ 
ance of increasing productivity in the cod in¬ 
dustry and would recommend that proper steps 
should immediately be initiated for the optimal 
use and maintenance of machines and for train¬ 
ing coal mine workers in the use and mainte¬ 
nance of the equipment. 

Coal transport 

7.44. Coal can be transported by railways, 
roadways, water routes, inland and coastal pipe¬ 
lines and rope ways. The selection of the specific 
mode of transport for coal will depend on the 
characteristics of the consuming industry, its 
distance from the supplying coal mine, the cha¬ 
racteristics of the terrain between the point of 
supply and the point of consumption and the re¬ 
lative cost of the different modes of transport as 
paid by the consumer. In India so far, the coal 
production has been from numerous coal mines 
each producing small quantities: and the con¬ 
sumers. except the steel industry, have been rela¬ 
tively small consumers. The emergence of large 
power stating fertilizer factories and cement fac¬ 
tories and the possible organization of coal dumps 
would increase the demand at specific points to 
quantities over a million tonnes, Similarly, after 
the nationalization of the industry, a number of 
coal mines are being combined to form large pro¬ 
duction units. This would call for changes in the 
modes of procedure and transport so far prac¬ 
tised for moving coal in India. 

7.45. The studies made by the Committee in¬ 
dicate that the railways constitute the most 
economic way of moving coal for most of the 
consuming classes and consumer locations in 
India. Coal transport in this country has been 
dependent on the railways for the carriage of 
about 85 per cent of the total despatches and 
will continue to be dependent on it for a major 
percentage in the future. This would entail a 
gigantic task for the railways Which would be 
called upon by 1990-91 to move about four times 
the quantity of coal now transported. The siting 
of super-thermal power stations in the coalfields 
and the development of alternative means of 
transport like coastal shipping, inland waterways 
etc. are''designed to lessen the strain on the rail¬ 
ways. But the quantity of coal that could be 
used at the coalfield or moved by means other 
than rail will always remain small. We reiterate 
that adequate attention should be paid to rail 
transport planning in regard to development of 
additional line capacity, yard capacity and sig- 
ndliihg and communication which would facili¬ 
tate speedier tufn-over of wagons as well as 
augmentation of wagon fleet. This would require 
substantial investments in the next two plan 
periods as the lead time required is considerable. 
The collieries have also an iifiportant role to 
play by 'maximising the movement of eoal ip 


block rakes moving from single loading points 
to single destinations and mechanisation of load* 
ing and unloading in all large output and con¬ 
sumption centres, modifying siding layouts to 
facilitate quick loading and speeding. 

7.46. Planning for coal movement cannot be 
done in the light of broad directions of move¬ 
ment. Recent experience shows that even if the 
railway track capacity is adequate in certain 
directions, the limitations on the railway track 
capacity from the mine to the main rail load 
centres and the capacities from the main track 
to the consumer point have made it diflBcult to 
increase the quantity of coal that is to be moved 
by the railways. Detailed plans for transporting 
the required quantities from the pit-mouth to the 
consuming centres have to be formulated. Such 
plan should also give adequate attention to the 
optimal loading and unloading at the two ends. 
As indicated, since more than 50 per cent of 
the coal will have to be produced in the Beng^i- 
Bihar area and as inter-regional movement will 
be required from the eastern region to all the 
other three regions of the country, the success 
in achieving the required coal movement by rail¬ 
ways will depend largely on increasing the faci¬ 
lities- for loading and trans^rtation in the 
Bengal-Bihar area and for moving coal across 
well known bottlenecks in the railway system 
like Mughalsarai, Waltair, the Section over the 
Western ghats, etc. The Committee would recom¬ 
mended that serious consideration should be 
given to the problems of coal movement in the 
Bengal-Bihar area and for removal of the factors 
which is not the capacity for Bengal!Bihar and 
movement in specific sections towards northern, 
western and the southern regions. 

7 47. The Committee examined in detail the 
possibility of using alternative modes of trans¬ 
port, besides railways, and in the light of techno- 
economic analysis, would rank the following 
modes in the order of their importance : — 

1. Coastal shipping. 

2. Roadways. 

3. Ropeways. 

4. Inland water; and 

5. Slurry Pipelines. 

Coastal shipping 

7.48. The cost studies of moving of coal by 
coastal shipping from Bengal-Bihar to the sou¬ 
thern and western ports indicate that under 
certain conditions, it can be as economical as 
movement by railways inspite of the fact diat m 
all cases of coal movement by sea. coal has to 
be first taken by rail from coal mines to the 
ports in the eastern coast, namely. Calcutta/ 
Haldia. Inspite of the fact that Indian coas^ 
line is triangukr in shape and the bigger sWps 
have to go around the island of Ceylon which 
makes the distances from places from the east 



56 


coast to west coast much longer than the dis¬ 
tance overland, rail-cum-sea route canTje as 
economical as rail. Currently, the costs of carry¬ 
ing coal by rail-cum-sea route from Bengal-Bihar 
to Madras or to Bombay or Kandia are higher 
than the costs of carrying it by the all rail route 
due to the small size of ships used and the 
delays at Calcutta port for loading and at the 
receiving port for unloading. The total cost of 
tTMsport by sea falls into three elements (i) 
ships’ internal cost resulting directly from opera¬ 
tions of the ship while at sea and while at the 
ports for collecting or unloading coal; (ii) port 
costs and (iii) the cargo costs which relate to 
loading and unloading of the cargo. Of these 
the internal costs while the ship is at the poi-t 
has the lai^est weight at present. When the ship’s 
loading and unloading time is reduced from 9 
days at Calcutta and 8 days at Madras to two 
days at Calcutta and to 3 days at Madras the 
cost of carrying coal gets reduced by one-third 
The completion of the Haldia port for coal 
handling facilities is expected to reduce the load¬ 
ing time at the eastern ports to about 2 days. 
Studies were made assuming the loading time 
at Haldia port as 3 days and unloading time at 
Bombay or Madras as 2. These indicated. that 
costs of carrying coal by rail-cum-sea will com¬ 
pare favourably with the costs of carrying coal 
by all rail route. Taking note of these factors, 
the Fifth Five Year Plan envisages an increase 
in the movement of coal by coastal ships by 
5 ,m. tonnes by 1978-79. There are possibilities 
or increasing this in the years beyond 1978-79. 
The quantities to be moved by sea would depend 
on the point at which the demand develops and 
the capacity of the rail system. But it is reason¬ 
able to anticipate that there will be need for 
increasing the quantities of coal to be moved by 
sea over the entire period upto 1990-91. This 
would call for developing unloading facilities at 
specific points in the southern and western 
codsts where power stations or other coal con¬ 
suming industries or coal dumps might be set 
up. 

Roads 

7.49. Road movement of coal has been in¬ 
creasing in the last few years as a result of the 
shortfall in the planned movement of coal by 
rail. But cost studies indicate that for short leads 
for consumers whose specific demand may be 
small, (he movement of coal by road will be 
economical compared to the movement by rail. 
The increasing demand for soft coke .anticipated 
in the report will alSb increase the use of road¬ 
ways for moving coal. The setting up of coed 
dumps in major industrial areals will call for co¬ 
ordinated pluming for movement of coal from 
the dumps to the consumer points by road along- 
wiih the plans for moving cdal from the mines 
ffy the dumps. 


Ropeways 

7.50. Ropeway transport of coal is used At 
present where the conditions are favourable such 
as from a colliery to a nearby washery or power 
house. It will continue to have this limited utility 
hi such areas especially where the terrain is un¬ 
suitable for other means of transport. Ropeway 
transport cannot have large scale application as 
the cost of transport is generally higher than 
that by rail. 

Coal Slurry pipeline 

7.51. The conversion of solid fuel or coal into 
slurry and its transportation hydraulically through 
pipeline is one of the possible alternate means 
of transporting coal so as to provide some relief 
to the overburdened railways. This mode of 
transport is best suited for the thermal power 
stations and some specific bulk consumers whose 
need for fuel is fairly large and constant. 

The advantages in the transportation of coal 
in slurry form through pipeline are as follows : — 

(i) Pipeline can be laid through mountains, 
deserts, rivers etc. 

(ii) Fewer personnel required for erection, 
operation and maintenance. 

(iii) As moving machines are located in 
pumping and boosting stations, the 
system is reliable and safe. 

(iv) Loss of coal during transit is eliminated 
and the dust problem is minimised. The 
deterioration during transit is also pre¬ 
vented. 

(v) Railway sidings, coal dumping and coal 
storage are eliminated. 

(vi) In mining industry, it has facilitated ado¬ 
ption of hydraulic mining and transport 
which has reduced accident rates and 
dust hazards. 

(vii) Hydraulic transportation is possible in 
all weather conditions: and 

(viii) Capital and operating costs for powrar 
plants designed to handle pipeline coal 
are less, 

A good deal Of research on hydraulic transporte- 
tion of coal has been done in different countries 
of the world. In India, the first Study of this mode 
of transport was made by the World Bank Study 
Team on Coal Transport in 1964 for two specific 
locations. The study revealed that the cost was 
uneconomic as compared to cost of movemeint 
by rail.' In general, however, the larger the pipe¬ 
line, the more the quantity of coal despatched. 
Accordingly, as both the operating and invest¬ 
ment cost per tonne might decrease With the in¬ 
creased capacity; the coal slurry pipeline would 
appear to be more suitable for large size or super 
thermal power stations- U would, therefore, s^em 
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desirable that the Central Water and Power Com¬ 
mission should conduct a feasibility study for the 
transportation of coal by pipeline for a super 
thermal power station of more than 1,000 MW 
capacity. Singrauli-Delhi pipeline may be an 
ideal case for such a study both for the urgent 
need of power supply in North India, which is 
increasing in volume. While conducting this study, 
the railways should indicate their plans as to the 
extent upto which they can develop rail trans¬ 
port facilities to meet the corresponding demand 
for coal for the above power station from 
Singrauli. 

Inland waterways 

7.52. One of the main advantages of an In¬ 
land Waterways system is that normally it is 
considered that there is practically no investment 
for the “permanent way”. Coal is a bulky mate¬ 
rial and its transport by Inland Waterways is 
reported to be economical in certain foreign 
countries. In India, the only waterway system 
which offers possibility for the transport of coal 
is the river Ganga. The principal problem in the 
use of the Ganga river system is that the major 
coalfields are situated at a distance of about 200 
kilo meters from the logical loading points on 
the river thus involving the movement of coal 
by road in addition to the river movement. The 
characteristics of the river, such as the channel 
depth, vary considerably from season to season. 
This World Bank Study Team on Coal Transport 
had made a cost study in 1963-64 and found that 
the cost to the economy of transporting coal to 
Allahabad was very much higher than the cor¬ 
responding cost by rail transport. The tnland 
Water Transport Committee had made a study 
in 1968 and worked out the cost at a lower 
figure. The difference was largely due to the fact 
that the latter study assumed a higher speed 
and also a higher capacity for the barges. In 
order to supplement the available rail capacity 
for the movement of coal to northern India, it 
would be useful to make a careful study of the 
techno-economic feasibility of transport by river 
to selected towns like Varanasi, Allahabad etc. 
We would, however, emphasise that for the 
scheme to be successful, large scale river train¬ 
ing schemes will have to be taken in hand and 
a navigable channel marked throughout the 
course. Aids for night navigation may also have 
to be provided if the turn-round-time has to be 
kept within economic limits 

Cflistfiirtition of coal 

7.53. Gasification of coal and its supply by 
pipeline to consumers has been advocated from 
time to time wnth a view to achieving one or 
more of the following objectives:— 

(i,l reduction in the dependence on rail¬ 
ways for movement of energy or for 
reduction of the cost of coal movemepl; 

♦This is sometimes referre t to iis intermediate BTU ^aa to 


(ii) supply a number of forms of fuels to 
consumers who are reluctant to use coal 
which is a dirty fuel; 

(iii) substitution use of fuel oil for kerosene 
whose use involves heavy foreign ex¬ 
change expenditure and thus reduction 
in the cost to the economy of fuels; 

(iv) mitigating the problems of pollution. 

7.54. The consumers’ preference for a fuel 
will depend on the relative cost to the consumer 
of different fuels including the cost of storage, 
cost of convenience and the cost of the discom¬ 
forts in using certain fuels and the cost of ap¬ 
pliances for usiUg the differfent fuels. In the 
national interest, the substitution of fuels has 
been considered in the light of the cost to the 
nation of supplying the ditferent fuel forms. 
Gasification of coal can be achieved by convert¬ 
ing coal by several gasification techniques avail¬ 
able to form gas pf low thermal value, normally 
called the low BTU* cas with the thermal value 
of about 400—450 JBTU per standard cubic foot 
(seft). An enriched gas of about 900—1.100 
BTU per standard cubic foot called Substitute 
Natural Gas (SNG) can also be produced. 

7.55. SNG manufacture calls for more sophis¬ 
ticated technology and is not normally resorted 
to unless required by circumstances. When gas 
has to be carried over long distances, pipeline 
cost depends on the volume bf gas to be trans¬ 
ported and, as such, SNG which has more than 

times thermal value per unit volume of gas 
is preferred. Under other circumstances normally 
lotv 'BTU gas technology is adopted. The stand¬ 
ard size of equipment today is normally con¬ 
sidered to be having capacity of 1-00 m. seft per 
day which will consume about 1 ra. tonnes of 
coal per year. Under Indian conditions (at 1973- 
74 prices), plant of this size will cost about 
Rs. 60 ctores. It may be recalled that the invest¬ 
ment for extracting a million tonnes of coal will 
be about Rs. 10 to 12 crores. 

7.56. Gasification is, therefore, a costly pro¬ 
cess and fixed chaiges for the production of gas 
are about 75 per cent of the cost of coal gas. 
Uie cost of coal gas increases the cost per unit 
of hbdt by about 4-5 times as; compared to the 
cost of coal. Gtmerally, industrial consumers 
who cafi consume cohl direct^ wiU be reluctant 
to use gaS at stka« a high coSt as the higher 
cost of ga^ ndll not bb Off-set under normal 
circumstances by the convenience involved in 
using gas instead of solid coal. The investment 
cost for prodUbtioh of ghs of one unit of heat 
value is not significantly different even if SNG 
process is adopted. Though 100 m. eft. of 5!NO 
gives over 2^ times the heat yalue as compared 
to 100 m. ft. bf lotv BTU gas. the investment 
cost or SNG plant is alifo: about 2\ times the 
cost of a similar size low BTU gas plant. The 
pipeline cost isdien cpffljjtered to 0e cosit bf 

differenUate it from gas of lower B'TU, say, 220 BTU per eft, 
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transporting coal by rail also becomes unecono¬ 
mic unless the gas tb be transported is in very 
large quantities (several times larger than the 
100 m; eft. per day size examined). Such large 
volumes of gas can be consumed only in the 
industry sector or power sector and these sectors 
ate unlikely to prefer coal gas in place of solid 
coal in view of the four-to-flve fold increase in the 
price pertherm of energy when it is obtained in 
the form of gas. Domestic consumers prefer a 
clean and convenient fuel even if it is considerably 
costly compared to other fuels; but the con¬ 
sumption needs of households in India are very 
Iqw pcf household as . space heating is not re¬ 
quired in this, country as in Europe and other 
\Vestern nations. A city of. a million households 
Or nearly 5 million people can be served with 
domestic coal gas of 100 m. seft per day. 

7.57. It is to be noted that the use of coal 
gas in house-holds will call for additional private 
investments in the form of pipelines within the 
household, meter for measuring the gas supply 
ahd appliances for burning gas. These arc likely 
t!d be over Rs 650 per household. Public invest¬ 
ment in laying the pipelines to the households 
is likely to cost around Rs. 500 per household 
even when the density of population is 10,000 
IKr sq. mile and all the households in the loca¬ 
lity arc forced to take gas connections. It is, 
therefore, difficult to foresee any large size gas 
plants located at < the pithead transporting gOs 
for industrial or domestic users far away from 
citfes;, but in major cities like Bombay and 
Calcutta, ,gas plants located near the cities with 
smaller capacities may be a viable proposition. 

7.58. However, several improvements are 
being developed in coal gasification technology 
which may reduce the cost of gasification. Simul¬ 
taneously, research and development is being 
done on the use of gas and steam (dual cycle) 
in thermal power station using low BTU gas 
which will increase the thermal efficiency of 
power stations. As the work on these develop¬ 
ments gets commercialised, there may be a case 
for gasification of coal for use in large thermal 
jKJwer stations using gas steam dual cycle. Coal 
gasification is also of interest to India as fertilizer 
production based on coaTis a viable proposition 
under Indian conditions and such production in¬ 
volves gasification of coal as a preliminary step. 
Research and development should, therefore, be 
continued on the techno-economic aspects of gasU 
fieption and specific possibilities should be inves¬ 
tigated for using poor quality coal for gasifica¬ 
tion and for use in industrial locaitons. 

IVladun^ reqnirenents 

7.59. The method of extraction of coal depends 
upon various geological-fuctofs, mainly the thick¬ 
ness of the overburden and of the coal &am. 
Due to historical reasons the major part of the 
production of coal in India (about 83 per pent) 


comes from underground mines. The proportion 
of open-cast mines is bound to increase signifi¬ 
cantly in the future with the development of coal 
mines in the outlying coalfields where the surface 
area of the coalfields is relatively free from roads, 
railway fines and buildings. Open-cast mines 
have the following advantages over under-ground 
mines ; — 

(i) they can attain capacity production in 

about 4 years as compared to 6 years 
for shallow underground mines and 
10—12 years from underground mines; 

(ii) the capital investment is comparable to 
that of shallow underground mines but 
significantly less than that of deep 
underground mines. 

(iii) much higher productivity is possible 
through the deployment of heavy earth- 
mpving machinery. 

(iv) 80 to 90 per cent recovery of the coal 
in situ is possible as against 50-60 per 
cent in underground mines. 

(v) cost of production is likely to be cheaper. 

(vi) hazards of accidents due to gas explo¬ 
sion are minimised. 

As against these several advantages, one dis¬ 
advantage today is that the current capacity of 
indigenous industry to supply large size earth 
moving equipment like draglines, shovels and 
dumpers is inadequate to meet the demand aris¬ 
ing out of the contemplated very large increase 
in coal production.’ It is, therefore necessary for 
the Government to take steps to expand the 
indigenous capacity for heavy earth moving 
equipment. While doing so, it would be useful 
to standardise the design at an Optimum level 
of utilising capacity for each equipment. 

7.60. With regard to underground mining 
equipment, it is stated that the capacity avail¬ 
able at the Mining and Allied Machinery Cor¬ 
poration, Durgapur and various private manu¬ 
facturers is adequate to meet current needs ex¬ 
cept for certain pieces of sophisticated equip¬ 
ment. We repeat the suggestion made in our 
■first report that a Committee of representatives 
of the concerned Departments and organisations 
should make an assessment of the indigenous 
capacity for the manufacture of coal mining 
machinery, suggest increases in capacity and fix 
import requirements for the period till the indi¬ 
genous capacity catches up with the demand. 
This Committte or a group of technical experts 
nominated by it should devote itself to the task 
of standardising the equipment Jo be obtained 
for the future programme of production. It may 
be made obligatory for the equipment manufac¬ 
turers to produce a certain quantity of spares 
for the machines every year, to avoid the con¬ 
tinuance of the situation where indigenous equip¬ 
ment is idle for want of spares. 
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7.61. Moreover, as already stated, where the 
production of the required quantity of coal is 
po.ssible by means of different tecKhologies with 
varying levels of machinery, r/ie selection of the 
optimal technology should be made on economic 
grounds using appropriate weightages for 
machine utilisation under Indian conditions and 
for the availability of abundant labour force. It, 
however, appears that since the production in¬ 
crease particularly of coal for thermal power 
generation is so large, extensive use of machines 
is inevitable especially in the coming decade. 

Lignite 

7.62. Lignite as a mineral is a semi-formed 
coal having lower calorific value and inferior to 
bituminous coal. The average calorific value of 
lignite is about 2.800 k. cal./kg. It has a high 
percentage of moisture (about 50 per cent) but 
the ash content is very low (3 to 4 per cent). 
Lignite can be used as a fuel for power gene¬ 
ration as well as for the production of briquettes 
for domestic use. It has also got a more valuable 
use for the production of urea. The biggest 
deposit of lignite in India occurs at Neyveli in 
Tamil Nadu. The proved reserves amount to 
over 1,700 m. tonnes and the gross reserves to 
about 1,900 m. tonnes. Small deposits of lignite 
are also found in Gujarat, Rajasthan and Jammu 
and Kashmir. Large scale utilization of lignite 
takes place at Neyveli. The scheme as originally 
sanctioned envisaged the following: — 

(i) mining of 3.5 m. tonnes of lignite per 
annum; 

(ii) generation of 250 MW of power; 

(iii) fertilizer scheme to produce 1,52,000 
tonnes of urea; 

(iv) manufacture of 7.20,000 tonnes of 
lignite briquettes and their carbonisation 
to produce 3,80,000 tonnes of carbonis¬ 
ed briquettes: and 

(v) clay washing scheme. 

During the Third Plan, expansion of the power 
station from 250 MW to 400 MW and the 
matching expansion of the mine from 3.5 to 5.5 
m. tonnes were approved. A further expansion 
of the power station from 400 MW to 600 MW 
with balancing equipment for the mine to pro¬ 
duce about 6 to 6.5 m. tonnes of lignite was 
approved for the Fourth Plan. Experience has, 
however, shown that the highest production that 
has been achieved so far has been only 4.28 m. 
tonnes in 1969-70. Since then, the production has 


gone down and the report of the Expert Com¬ 
mittee submitted in March. 1973, has assessed 
the present capacity of the mine at 3.6 m. tonnes 
only. The Expert Committee has also suggested 
t^e procurement of certain mining equipment 
valued at about Rs. 11.6 crores to achieve a pro¬ 
duction of 4.5 m. tonnes of lignite. This quantity 
will not be sufficient to meet the full require¬ 
ments of the 600 MW power station and the 
fertilizer and briquetting plants. This Committee 
made a detailed study of the economics of power 
generation at Neyveli vis-a-vis the alternative of 
generating power at Singareni and transmitting it 
to the Tamil Nadu grid and transporting coal from 
Singareni and generating power at Ennore near 
Madras. The Committee has come to the con¬ 
clusion that on economics alone, the generation 
of power based on Neyveli Lignite is justified. 
This Committee, therefore, strongly recommends 
that the second mine-cut at Neyveli be taken up 
to meet the power and fuel requirements of the 
region. 

7.63. Since adequate deposits (nearly 2,000 m. 
tonnes), the bulk of which have been proved, 
are available at Neyveli, it would be possible to 
plan a production of 20 m. tonnes per annum of 
lignite in due course. Lignite has value not only 
as a fuel but also as a feedstock for the manu¬ 
facture of fertilizer. Considering the needs of the 
region, we feel that a balance should be struck 
to meet the requirements for fertilizer produc¬ 
tion and for pqwer generation. The success of 
Leco as a domestic fuel justifies the expansion 
of the briquetting and Carbonisation plant aJso 
to meet the domestic fuel requirements of Tamil 
Nadu. Karnataka and Kerala. Tentatively, we 
are estimating the ligfiltb requirements of the 
power sector at 14 m. tonnes and the fertilizer 
feedstock and briquetting needs at 6 m. tonnes 
by 1990-91. 

7.64. The mining of lignite requires special 
equipments which are “custom built”. It is under¬ 
stood that the possibilities of manufacturing 
bucket wheel excavators, indigenously, are being 
examined. This examination should be speeded 
up and the manufacture of the required number 
of excavators taken up in a coordinated manner. 

. 7.65. The financial investment in the Ignite 
mine is quite heavy. Inspite of the heavy invest¬ 
ment, the Committee strongly recommends the 
opening up of additional mines at Neyveli and 
incre^ing the production to an optimal level of 
about 20 tonnes for the full utilisation of this 
fuel resource which hits a tremendous locational 
advantage. 



CHAPTER Vni 
OIL POLICY 


Energy and non-energy uses ol oil prodncffl 

8.1. Oil is an important source of energy and 
a raw material for the fast growing petroleum 
based chemical industries. The demand for oil 
products has been increasing at a fast rate during 
the last two decades. In India, oil consumption 
has followed nearly the world trend. In view of 
the increasing quantities of oil products being 
consumed for non-energy uses, the Committee 
felt that implications of oil policy will have to 
be examined by analysing the trends in energy 
and non-energy uses of products together. Major 
oil products used for non-energy purposes are 
naphtha and fuel oil (used for fertilizer and petro¬ 
chemical production), bitumen, lubes and petro¬ 
leum coke and the major products used for 
energy uses are motorgas. kerosene, ATF, HSDO. 
LDC) and fuel oil. 

8.2. The consumption of oil products which 
was about 4.37 mt in 1953-54, increased at about 
7;8 per cent per annum upto 1960-61, when oil 
products were used almost exclnsively for meet¬ 
ing energy requirements. From then on, while the 
xjH consumption in the energy sector increased at 
about the same rate, the demand of oil products 
for the non^energy uses increased faster and this 
accelerated the rate of increases of consumption 
of oil products;-^ 

Table 8.1 


Haie of Growth of Oil Consumption (1953-54 to 
1970-71) 


Period 

Oil pro¬ 
ducts 
used in 
energy 
sector 

Total 
including 
non-ener¬ 
gy uses 

I9i3-«4 to 1960-61 

0-1% 

7-8% 

1960-61 to 1966.66 

8-1% 

8-6% 

1966-66 to 1970-71 

8-6% 

9-9% 

1983-64 to 1970-71 

8-6% 

8-7% 


Sui^ey of oil Mwtry 

8.3. In the early days, the entire oil product 
demand was met by imports. The fi^rst refinery 
was set up at Digboi even prior to 1900 to pro¬ 
cess the crude produced in Assam, but its capa¬ 
city was negligible. In the early Fifties of this 
century refineries were set up at Trombay and 
Vishakhapatnam for processing crlSde to meet 
the requirements of oil products in the country. 
These were in the private sector. A number of 
public sector refineries followed during the 


Second and Third Plan periods. The Government 
of India set up the Indian Oil which was later 
converted into corporation to operate public sec¬ 
tor refineries. The oil industry plans wer? to get 
as much of the products as possible produced 
within the country and to import the necessary 
crude to augment the domestic supplies to ope¬ 
rate the refineries at full capacity. Table 8.2 sets 
out of the level of the relative shares of crude 
and products in our total petroleum imports. 

Table 8.2 

Share of Product Imports in the Total Crude and 



Product Imports 

(million tonnes) 

Year 

Import of Import of 
crude products 

Total 

Product 
imports 
as % of 
totals 
imports 

1960 

♦» — 

2-986 

2,986 

100.0 

1966 

.. 8026 

2-071 

6.297 

40.6 

1960 

6 723 

2-032 

7-765 

26.2 

1961 

6-068 

2-481 

8-449 

29.4 

1962 

6-022 

2-984 

9-006 

33.1 

1963 

6-619 

2-900 

9-419 

30.8 

1964 

6-791 

2-956 

9-747 

30.3 

1966 

.. 6-811 

2-880 

9-691 

29.7 

1966 

7-467 

2-207 

9-664 

22.8 

1967 

8-704 

0-961 

9-686 

9.8 

1968 

10-460 

0-933 

11-833 

8.2 

1969 

10-702 

1-052 

11-764 

9.0 

1970 

11-666 

0-970 

12-635 

7.7 

1871 

12-688 

1-932 

It. 620 

13.2 

1072 

12-289 

3-267 

15.646 

21.0 


Source : Indian Petroleum and Chemicals Statistics, 
1972 (Page 44), Ministry of Petroleum and Chemicals, [-Gov- 
•ernlnent of India. 

8.4. The increase in demand of oil products 
in the country was not matched by discoveries 
of crude resources and production of crude from 
indigenous oil fields. Due to the initiative taken 
by the Government in the late Fifties and early 
Sixties, the crude production within the country 
increased rapidly for a few years and the share 


60 







of indigenous crude in the total crude demand 
increased. But from 1966 onwards, the share of 
indigenous crude has stagnated between 36 per 
cent and 3,8 per cent of our total crude lequire- 
ments. (See Table 8.3): — 

Table 8.3 

Consumption of Crude and Share of Indigenous 
Crude 


Year 



Refinery* 

through¬ 

put 

Indige- 

noua 

crude 

prodnc" 

tion 

Indige¬ 
nous * 
crude as 

%of 

through 

put 

1960 .. 



0-261 

0-269 

103-19 

1965 .. 



3-335 

0-347 

10-40 

1960 .. 



6-o6i 

0-464 

7-46 

1961 .. 



6-440 

0-613 

7-97 

1962 .. 



7-003 

1-078 

16-39 

1963 .. 



8-138 

1-662 

20-30 

1964 .. 



8-932 

2-212 

24-76 

1966 .. 



9-764 

3-022 

30-98 

1966 .. 



12-031 

3-647 

38-63 

1967 .. 



14-430 

6-667 

39-27 

1968 .. 



16-096 

6-863 

36-36 

1869 .. 



17-496 

6-723 

38-43 

1970 .. 


• t 

18-491 

6-809 

36-89 

1971 .. 


s « 

19-888 

7-186 

36 68 

1972 .. 



19-672 

7-373 

37-48 


♦InoludoB oil oensumed as refinery processin ' fuel and 
losses. This element has not lioen included earlier chap¬ 
ters and the figures iu the Table do not tally wiih th e 
figures given elsewhere in the Report. 

Roughly, the import of crude to meet the re¬ 
finery requirements of the country decreased from 
90 per cent in the early Fifties to around 64 
per cent in 1968 and has stayed around that level 
since then. The import of products as a percen¬ 
tage of the total oil products consumption dec¬ 
reased from 90 per cent in the early Fifties to 
about 5 per cent in 1970; but this has increased 
to about 15 per cent by 1973 on account of the 
delays in construction of refineries. Taking crude 
and products together, our dependence on sup¬ 
plies from outside the country has decreased 
from about 90 per cent in the early Fifties to 
about 65 per cent in 1970 and has increased to 
about 70 per cent in 1973. 

Trends in product-wise consumption 

8.5. While the total demand for oil products 
has shown fairly a steady trend (See Chapter II), 
the demand for specific products like kerosene 
or fuel oil, has changed at different rates. (See 
Tables 8.4 and 8.5). 


As kerosene has fawn diverted for use Ifi 
transport vehicles and this disturbs the consump¬ 
tion trend which might have been noticed other¬ 
wise in the case of each of these two products, 
the total of HSDO and kerosene was also exa¬ 
mined. Annual percentage change in consump¬ 
tion of each product shows wide variation. A 
sub-period analysis showing the rate of growth 
of consumption in different five year periods was 
made. The results are in Table 8.5. 

Table 8.4 

Consumption of Selected Petroleum Products 
(1950 to mi) 


(in million tonnes) 


Products 

1950 

1060 

1066 

1970 

1972 

1. Naphtha 

, , 

.. 

0-030 

q-837 

M12 

2, Motorgas 

0.624 

0.943 

1.090 

1.410 

00 

3. Other L.D. 
products 

0-080 

0-116 

0-109 

0-291 

0-343 

4, Toial L.D. 

0‘70i 

4 058 

1-289 

2-53'i 

3-041 

5. Kerosene 

0-899 

1-948 

2-625 

3-262 

3-807 

8. A.T.F. .. 

0-008 

0-198 

0-468 

0-728 

0-892 

7. H.s.D.o; 

0-186 

1-206 

2-320 

3-743 

4-620 

8. L.D.O. .. 

0*348 

0-640 

0-736 

1-0.56 

1-394 

9. Other M.D. 
products 

0-064 

0-083 

0-093 

0-071 

0-086 

10. Total M.D. 

1-m 

4-074 

6-131 

8-851 

0-499 

11. (Kerosene 
& IISDO) 

(1-084) 

(3-163) (4-846) 

(6-996) 

(8-127) 

12. P.O., L.S. 
H.S. & H. 
H.S. 

0-580 

1-276 

2-602 

4-233 

6-220 

13. Other pro. 
ducts 

0-325 

0-409 

0-599 

0-460 

0-354 

14. Total F.O. 

0-905 

1-683 

3-191 

4.695 

5-674 

13. Bitumen 

0-066 

0-392 

0-689 

0-761 

1-144 

16. Other H.E. 
products 

0-166 

0-283 

0-628 

0-762 

0-932 

17. Total B.E. 
products 

1-115 

2-360 

4-308 

6-198 

7-650 

18. Total Pro- 
ducts Con. 
sumption 

3-31S 

7-492 

11-728 17-587 

21-190 

19. Refinery 
fuel efc los¬ 
ses 

0-002 

0-292 

0-651 

1-147 

4-250* 

20. Orand to- 
total 

3-320 

7-784 

12-279 

18- 734 

22-440 


L. D. —Light Distillates; JI. D- =Mi'ldlo Distillates 
H. E. =HeaTv Ends. 

* Estimated 

Sources: I. I. P. Report of Demand Forecast in'" Cell 
August, 1973. 







Table 8,5 

Rates of Growth of Consumption of Selected Oil 
Products (1950 to 197?) 


% rate of growth of ocmsumption 
between 


Product. 1960 1965 'mo 1966 I960 1960 

A & & & &. & 

1966 1960 1966 1972 I960 1972 


Motorga* .. 'o-SS S-Op,. 2 96 ,6'60 4-20 4-44 

Kerosene .. 9-33 6-77 6-32 4-80 8-04 6^02 

H8DO .. .. 18-43 22-83 14-00 10'34 20-61 11.85 

Kerosene & 

H8DO .. 11-10 11-4S 8-97 7-67 11-27 8-21 

LDO .. .. 6-30 7-69 2-81 9-67 6-44 6-70 

Pud oil including 

L8HS&HHS .. 3-57 13-06 16-23 10-62 8-20 11-46 

Total Oil products 7-41 9-68 9-38 8-82 8-49 9-06 


In the case of kerosene, rates of change of de¬ 
mand vary widely on account of the fact that in 
the Sixties, kerosene was used partially illegally 
as a “substitute” for HSDO on account of the 
relatively lower consumer price of kerosene. The 
total consumption of HSDO and kerosene shows 


a more regular trend. LDO is mostly used in 
running irrigation pumpsets and the demand for 
LDO is dependent on seasonal conditions and on 
the number of pumps installed. This explains the 
variation in growth rates if the products are 
grouped into three main product groups, viz. 
light distillates, middle distillate and heavy end 
product groups. It is found that the middle dis¬ 
tillate demand increased at the rate of 7.8 per 
cent during 1961 to 1971; while during the same 
period the light distillate demand increased by 
11.6 per cent per year and the heavy ends increas¬ 
ed by about 10.2 per cent. 

Forecast of demand' 

8.6. As different oil products are used for diffe¬ 
rent uses and their demand is dependent on 
diverse factros, the Committee has adopted the 
procedure of estimating the demand for each t il 
product separately. (See Chapter III). Case-I re¬ 
presents the forecast of demand based on the 
trends of fuel-usage observed upto early 1973. 
Case-II and Case-lII represent the corrections 
possible to the pattern of fuel utilisation if mea¬ 
sures are taken for reduction of consumption of 
oil products in certain industries and sectors and 
to substitute the use of oil in some selected areas 
by other fuels. (See Chapter III for details). The 
product-wise demand estimates are .shown in 
Table 3.8. The implied rates of growth of select¬ 
ed oil products in all the three cases are exhibit¬ 
ed in Table 8.6. 


Table 8.6 


Rate of Growth of Demand Implied in the Fore cast for Oil Products From 1972-73—1990-91 




Case—I 



Case— II 



Case— III 


Product 

72—73 

to 

78—79 

78—79 

to 

83—84 

83-84 

to 

90—91 

72- 75 
to 

78—79 

78—79 

to 

83—84 

83—84 

to 

90-91 

72—73 

to 

78—79 

78—79 

to 

83-84 

83—84 

to 

!'0—91 

Naphtha 

8-5 

4-3 

3-7 

8-5 

-0-7 

5-2 

8-8 

—0-9 

4-3 

MotOTgaR 

4-7 

4-0 

4-0 

3-9 

4-0 

3-7 

3-1 

4-0 

3-4 

Koroscne 

6*6 

6-3 

4-8 

4-6 

6-1 

4-4 

4-1 

4-1 

4-0 

HSDO 

10-7 

7-3 

9 1 

8-9 

7-1 

8-2 

7-0 

6-9 

7-0 

Keroseno A HSDO 

9-3 

6-8 

8-2 

7-7 

6-6 

7-4 

6-2 

6-2 

6-3 

LDO. 

6-9 

4-9 

5-2 

6-3 

6 3 

4-3 

6-3 

1-9 

3-8 

Fuel oil including LSHS 
and HHS 

4-1 

6-8 

5-2 

2-1 

6-4 

4-9 

0-7 

4-4 

3-8 

Total oil Products 

8-0 

6-8 

7-2 

6-9 

6-7 

6-6 

5-8 

6-1 

5-6 



t.1. In these demands, we have included both 
energy products and non-energy products. The 
relative share of energy and non-energy products 
in the total oil products demand is shown in 
Table 8.7. 


Table 8.7 

Share of Oil Producfs in Energy and Non-energy 
Uses Implied in the Forecast (Case //) 


(in million tonne) 


Year 

Demand for oil produdis 

Energy 

use 

Non- 

energy 

uee 

Total 

1970-71 

15-00 

2-80 

17-60 


(86-23) 

(14-77) 

(100) 

1978-79 

24-61 

7-69 

32-20 


(76-12) 

(23-88) 

(100) 

1983-84 

33-17 

9-41 

42-68 


(77-90) 

(22 10) 

(100) 

1990-91 

62-49 

14-26) 

66-74 


(78-65) 

(21-36) 

(100) 


Figures in bra kets indi>i te the Perjrntage of the total. 


The non-energy use of oil products v/hich was 
only 15 per cent in 1970 is aniticpated to increase 
to about 24 per cent in 1978-79. As per the esti¬ 
mates of this Committee, this share is reduced 
marginally in each subsequent plan period. 

8.8. The total demand for oil products (for 
energy and non-energy uses together) is estamit- 
ed to grow at the rate of 8 per cent in Case-I 
during the Fifth Plan period. The growth rate is 
reduced to 6.9 per cent in Case-II and 5.8 per 
cent in Case-III. Thus, the reduction m the rate 
of growth of oil demand will only be 2.2 per cent 
less even if the suggestions of the Committee are 
implemented. It is relevant to note that in mak¬ 
ing these estimates, the Committee did not 
examine the possibilities of reducing oil products 
consumption .by modifying the consumption and 
levels of production of goods and services postu¬ 
lated for 1978-79 in the Draft Fifth Five Year 
Plan. (See Chapter VI), nor did it consider the 
possibilities of reducing consumption of some oil 
products by physical controls over distribution 
and consumption. Inter-fuel substitutions suggest¬ 
ed to reduce Case-I estimate to those of Case- 
III are based on the Committee’s considered view 
that such substitutions are justifiable on tcchno- 
economic grounds and that levels of substitution 
are feasible of achievement within the time avail¬ 
able. if adequate measures are taken. Case-II 
levels of estimate are taken into account during 
discussion of the issues in the report only to en¬ 
sure that discussions are based on a ‘balanced’ 


view of the implications of production effort re¬ 
quired to each fuel industry. 

8.9. The availability of indigenous crude has 
not been estimated for periods beyond 1978-79. 
On the basis of information available, the Com¬ 
mittee has tried to make a judgement of the likely 
availability in the periods upto 1990-91. Table 
8.8 sets out the percentage of indigenous crude 
likely to be available as a percentage of total 
oil produts:— 

Table 8.8 


Crude Oil Requirements and Indigenous Avail¬ 
ability of Crude (1978-79. 1983,-84 and 1990-91) 


Year 

Oil pro- 
duoti* 
consumed 
in m. 
tonnes 

Indige¬ 
nous 
crude 
in m. 
tonnes 

% of indi* 
genous 
crude to 
total of 
consump¬ 
tion 

1978-79 

32-20 

12-00 

37-3 

1983-84 

.. 42-68 

16-00 

36-2 

1990-91 

66-74 

16-00 

22-5 



to 

to 



20-00 

30-0 


* With reference to Case-II fOTecsst. 


These are admittedly conservative estimates. A 
large number of oil bearing structures have been 
discussed in off-shore areas. These hold great 
promise but it is not possible to hazard any esti¬ 
mate of the likely oil find. (See Chapter IV, para 
4.11 and para 8.42 of this Oiapter). If the explo¬ 
ration in the off-shore structures lead to the iden¬ 
tification of sizeable deposits and if the pace of 
on-shore exploration is accelerated, there is likely 
to be considerable increase in domestic produc¬ 
tion of crude. 

8.10. It is clear that in the next two decades, 
India’s dependence on exterhal sources for meet¬ 
ing the oil requirements may increase both in 
terms of quantity as well as the percentage of 
imported oil to the total oil products required. 
India’s oil policy should, therefore, be based on 
an understanding of the international oil situation. 

International oil sttaatton 

8.11. Total world production of crude which 
was about 520 m. tonnes in 1950 has risen to 
nearly 2700 m. tonnes by )973. Major increases 
in consumption were registered in USA, Western 
Europe and Japan which are all developed eco¬ 
nomies. The rates of increase in the consumption 
of oil products in the last decade in selected 
counties including India are set out in Table 
8.9. 



Table 8.9 

Consumption of Oil Products in Selected Coun¬ 
tries 


(in million tonnes) 


Country 


1860 

1970 

1973 

U,S.A. 


483 

716 

790 

Western Europe 


203 

363 

830 

Japan 

.* 

80' 

190 

273 

India* 

* • 

7-8 

18‘7 

22-4 


♦Inclnaive of refinery fuel consumption ; n f losses. 


While consumption has grown very rapidly, the 
exploration efforts have not resulted in an equi¬ 
valent rate of increase in the proved world oil 
reserves. The ratio of proved reserves of crude 
oil to annual production of crude in the Western 
hemisphere fell from 14 to 12 between 1960— 
1971 and in the Eastern hemisphere from 83 to 
52. From 1970 onwards, this gave rise to some 
anxiety among the consuming countries about the 
possibility of obtaining their oil supplies over 
time. In a specially commissioned study a group 
of experts* have recently reported “that the glo¬ 
bal oil reserves are sufficient for 31 years provid¬ 
ed the rate of consumption docs not exceed the 
present one; and for 20 years if consumption in¬ 
creases in line with the quickening of economic 
growth; oil reserves, however, will last for 50 
years if-—reckoning upon possible further explo¬ 
ration—reserves turn out to be five times as much 
as known at present”. 

8.11. A more significant fact is that the large 
reserves found and the consequential increase in 
production were much greater in the middle-east 
Qountries which are relatively under developed 
while the oil consumption is \ncreasing in the 
developed countries resulting in the growing de¬ 
pendence of the developed economies on a few 
exporters of oil in the middle east. Table 8.10 sets 
out the production, consumption and imports and 
exports of selected countries in the years 1960 to 
1972. 

Table 8.10 

Production, Consumption—Exports and Imports 
of Oil in Selected Countries 

(in million tonnes) 




1966 



1072 



pro- 


Con. 

Pro- 

Ex- 

Con- 


duo- 

ports 

sninp* 

due- 

ports 

sump' 


tlon 

(-} 

tion 

tJOn 

(-) 

tion 



•Im- 


(-) 

Im- 




ports 


ports 




(+) 



(+) 


USA 

392 

91 

483 

638 

237 

775 

Western Europe .. 

15 


m 

50 

700 

760 

Japan .. 

Middle East 

Nil 

20 

29 

Nil 

240 

240 

262 

—240 

22 

905 

—850 

66 

Soviet Block 

168 

—22 

146 

400 

—60 

340 


*Th6 UpiitB to growth—A report for the uluh of Rome's 
irojeot on the Predietunent'of Mankind' New York, 1972 
Jniseae Books, 206 psg«. 


It is seen that (a) the developed countries of 
USA, West Europe and Japan, consume over 75 
per cent of the total world consumption; (b) 
nearly 4/5th of the crude oil reserves are in the 
developing countries of the Middle East and 
North Africa, 

8.12. The reserves in the Middle east and 
North Africa were, till 1970. mostly controlled 
by major oil companies. Bj 1970, 8 major oil 
companies controlled about 75 per cent of the 
world oil reserves and 64 per cent of the oil re¬ 
finery capacity. The developing countries with oil 
reserves were compelled to take greater interest 
in the production and pricing of crude when in 
1959, oil companies reduced the price of oil. Oil 
exporting countries of Iran. Saudi Arabia and 
others formed themselves into the Organization of 
Petroleum Exporting Countries (OPEC) with a 
view to ensuring that prices were not reduced to 
levels which led to avoidable loss to the oil ex¬ 
porting countries. The negotiations of OPEC 
with oil companies led to posted prices being 
maintained as tax-reference prices i.e. the coun¬ 
tries computed the taxable surplus of the oil com¬ 
panies on the assumption that the crude products 
were sold at the posted prices. But the companies 
were allowed to give discounts and sell trie crude 
at lower prices. This situaiton continued till the 
middle of 1965. After the Arab-Israel (Six Day) 
war, the Suez Canal was closed and oil had to 
be transported from the Persian Gulf round the 
•Cape to European and Western markets. This 
resulted in severe shortage of tankers and Libyan 
crude obtained an additional advantage as it 
could be transported at much lower freight cost 
to the European and Western ports. Oil produc¬ 
tion in Libya was stepped up rapidly. In 1971, 
Libya bargained and obtained a higher price for 
crude. On this, OPEC bargained for increase in 
price of crude from all oil importing countries 
and oil companies agreed to increase the ^posted 
prices by 45 cents per barrel for Gulf countries. 
From then on OPEC steadily increased the price 
of crude, 

8.13. OPEC views on oil price arc bailed on 
the broad considerations that oil resources are 
irreplaceable wasting assets, that developed coun¬ 
tries are more depedent on oil from OPEC coun¬ 
tries, that the cheap price of oil leads to transfer 
of resources from the OPEC countries to develop¬ 
ed countries, that the governments of developed 
countries collect more by way of taxes on oil 
products than the tax revenues collected by OPEC 
countries, that the price of oil should bear a re¬ 
lationship t othe price of goods and services 
which the OPEC countries import from developed 
countries and that the long-term interest of the 
world as a whole will be better served by increas¬ 
ing the price of oil to levels nearer to the price 
at which substitute fuels could be used in place 
of oil. On these considerations, the OPEC coun¬ 
tries have been proposing an increase in oil 
prices. On October sixteenth nineteen-seventy 
three OPEC announced an increase in oil price 
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that was nearly doubled compared to the prices 
prevailing before October 16. This sudden in¬ 
crease was followed by a further increase in De¬ 
cember, 1973. The movement of price of oil to 
the consumer can be seen from the Table be¬ 
low ; — 

Table 8.11 

Posted Price and Market Price of .di^a Jari 


(Light) Crude 

in $ per Barrel 


Year 

Posted 

price 

Estimated 

arms 

length 

price 

Discounts 

]9.')8 .. 

2-04 

1-79 

0-26 

1959 .. 

1-86 

l-,56 

0-30 

1960 .. 

1-78 

1.43 

0-36 

196.3 .. 

1-78 

1-.38 

0-40 

1969 .. 

1971 (After Tehran Feb. 

1-79 

1-29 

0-.50 

Agreement) .. 

1971 (Tripoli June Agree¬ 

217 

1-70 

0-47 

ment) 

1972 (After Geneva Agree¬ 

2-27 

1-79 

0-48 

ment) 

2-47 

1-89 

0-58 

1973 (After Oct. I6th) 

1974 (with effect from 1st 

512 

6-12 

•• 

January) 

11-63 

11-65 

.. 


8.14. In order to analyse the trend in oil prices 
and in prices of manufactures, a time series of 
the price relatives of oil and manufacturers has 
been attempted. Such a comparison necessarily 
involves certain assumptions which sliould be 
taken to indicate only the broad magnitude of the 
price relative. (See Table 8.12); — 

Table 8.12 

Price Relatives of Oil Manufacturers 


TTnit 

Iran 

Iran 

value : 

Petroleum Petro. 

world 

Arms 

leum/ 

manu¬ 

length 

world 

factures 

price 

manufac¬ 

Base : 
1953— 
100 

1964 - 
100 

tures 


1963 .. 



100 

N.A. 


1964 .. 



97-9 

100 

102-1 

1967 .. 



104-3 

93-7 

89-8 

1968 .. 



103-2 

93-7 

90-8 

19.59 .. 



103-2 

81-6 

79-1 

1960 .. 



105-3 

74-9 

71-1 

1961 .. 



106-4 

74-9 

70-4 

1962 .. 



106-4 

73-6 

69-2 

1963 .. 



108-4 

72-3 

68-0 

1964 .. 



107-4 

68-9 

64-2 

1965 .. 



110-6 

63-9 

62-3 

1966 .. 



112-8 

68-9 

61-1 

1967 .. 



113-8 

68-9 

60-6 

1968 .. 



113-8 

67-6 

69-4 

1969 .. 



117-0 

66-6 

66-8 

1970 .. 



124-6 

66-4 

62-5 

1971 .. 



131-9 

91-4 

09-3 

1972 .. 



142-6 

99-9 . 

68-3 

1973 .. 



168-1 

281-6 

167-5 

Source 

Col. (1) Derived from U.N; data. 

Col. (2) Obtained from index Nos. derived from 


Indian Petroleum and Chemicals Statistics. 
Col. (3) Derived from Cols. 1 4; 2. 

L/P(D) IBOMofBJnergy—6 


The price relatives of crude to manufactures dec¬ 
reased gradually upto 1970 and from then on, 
increaseu slowly upto 1973; but October 1973 
price change announced by OPEC made a very 
big difference to the price relatives. The further 
increase made in December with effect from 
January 1974 has increased the price relatives 
still further. But the prices of manufactures, 
metals and other commodities have been increas¬ 
ing very rapidly during the last few months of 
the year 1974. In this very fluid situation it would 
be unrealistic to construct any set of price rela¬ 
tives for 1974. Given these facts, it is difficult to 
forecast any trends regarding the future price of 
oil. The inter-relationship between oil prices and 
the prices of oth.er commodities and manufactures 
are such that it will take some time for prices 
of crude to settle down. It is only at this stage 
that some long-term projection of prices could 
be attempted. 

8.15. Inspite of the uncertainties in the price 
situation, it will be reasonable to assume that the 
prices of crude in the international market will 
be high compared to the prices prevailing in 1972 
or early 1973. The period of low oil price which 
began in 1959 may be considered to have ended 
with 1973 and the return of the price to that level 
cannot be anticipated in normal circumstances. 

8.16. Besides prices, a change is taking place in 
the ownership and structure of the world oil in¬ 
dustry. I’he long period of control of the cil re¬ 
sources by the oil companies is being replaced 
by a system of control exercised primarily by the 
oil exporting countries and the oil companies. 
The oil exporting countries’ share of total oil 
products in the world is increasing on account 
oi' participation agreements entered into by the 
OPEC countries with the oil companies operat¬ 
ing in their countries. 

Oil Policy for India 

8.17. The oil policy for our country will have 
to be based on the perspective that oil prices are 
likely to prevail at a significantly higher level 
than those anticipated in early 1973 and that 
India’s dependence on import of oil is likely to 
continue right upto 1990-91 and that it would be 
very difficult for the country to meet the increas¬ 
ing needs of oil imports without causing serious 
balance of payment problems. The oil policy 
should, therefore, be designed with the specific 
objectives of (a) reducing the quantity of oil pro¬ 
ducts to he imported to sustain the desired level 
of economic activity by either substituting oil 
consumption by other fuels or by increasing the 
indigenous production of crude’, (b) reducing the 
total foreign exchange expenditure by undertak¬ 
ing such measures as to produce the needed 
quantities of various oil products at the lowest 
possible cost to the economy; and (c) improving 
the security of supplies of crude and oil products 
required from sources outside the country. The 
reduction of the quantity of Oil products requir¬ 
ed may be attained by changing the final pattern 
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of production envisaged in our plans or by shift¬ 
ing the technologies of production of goods in 
such a manner that the same production is ob¬ 
tained by the use of lower levels of oil products. 
It has not been possible for this Committee to 
work out the alternative rates and patterns of 
growth which might be more optimal in the 
changed oil price situation. (See Chapter VI). 
The Committee has, however, tried to identify 
alternative technologies that could be adopted to 
produce the same levels of goods and services 
but with reduced levels of consumption of oil 
products. The level to which substitution could 
be effected will depend on the vigour with which 


the Government pursues policies for inter-fuel 
substitution. A more detailed discussion of the 
actions required product-wise is dealt with below. 
The total outgo of foreign exchange to meet the 
Specified demand for diferent products could 
also be achieved by adopting optimal refining 
patterns as discussed below. 

Refining capacity requiremeitts 

8.18. The demand for oil products distillate- 
wise in the three cases estimated in Chapter III 
and the crude and the total throughout require¬ 
ment on certain broad assumptions are given in 
Table 8.13. 


Table 8.13 


Distillate-wise Demand and Refinery Capacity Required {Without Secondary Process) For 

1978-79, 1983-84 and 1990-91 (in million tonnes) 




1978-79 



1983-84 



1990-91 


Distillate 





A 1 





Case 

I 

Case 

II 

Case 

III 

Case 

-I 

Case 

II 

Case 

III 

Case 

I 

Case 

II 

Case 

III 

Light Distillate 

6-63 

8-53 

6-44 

8-47 

7-44 

7-29 

11-54 

10-62 

9-71 

Middle Distillate 

17-80 

10-55 

16-33 

26-16 

22-90 

20-61 

44-24 

38-00 

32-00 

Heavy End 

9-92 

9-12 

8-62 

14-13 

12-24 

10-99 

21-70 

18-12 

15-13 

Total 

34-41 

32-20 

.30-39 

47-76 

42-68 

38*89 

77-48 

66-74 

66-84 

Refinery losses 

Crude charged 

2-20 
36-61 

2-06 

34-26 

1-94 

32-33 

3-06 

60-80 

2-72 

46-30 

2-48 

41-37 

4-96 

82-43 

4-26 

71-00 

3-63 

60-47 

Additional refining capa¬ 
city required 


2-47 



17-14 



62-01 


Total refining capacity .. 


34-62 



49-19 



84-06 



Note— (t) The existing and approved capacity for 1978-79 has been taken as 32-OS million tonnes. 

(ii) From the existing and the approved capacity, the yield of light distillate is 6-07 mt. middle distillate is 16’4 mt. 
and that heavy end is 9-82 mt, 

(in) The additional refining capacity to the planned capacity has been taken to meet the middle distillate demand and 
the yield of middle distillate has teen taken as 43 per cent. 


8.19. The heavy-end products not only give 
fuel oil but also other non-energy oil products 
like bitumen, petroleum coke and lubes. These 
three products manufactured from heavy-end 
fractions are high value products and it should be 
the endeavour to manufacture as much of this as 


required within the country. Even so, one of the 
features noted in our forecast is that over the 
years the heavy-ends fraction as a share of the 
total oil products is decreasing. Table 8.14 sets 
out the percentage shares of products of each 
distillate range in the total product demand. 


Table 8.14 


(in percentage) 


1978-79 


1983-84 


1990-91 


'- 1 <- 1 I --——- 

Case Case Case Case Case Case Case Case Case 

I 11 III I II m 1 II III 


Light Distillate 


19-27 

20-28 

21-19 

17-74 

17-47 

18-76 

14-89 

15-91 

17-08 

Middle Distillate 

• • 

61-90 

61-40 

60-44 

62-67 

63-78 

63*00 

67-10 

66-94 

66-30 

Heavy end 

.. 

28-83 

28*32 

28-37 

29-59 

28-76 

28*26 

28-01 

27-16 

26-62 
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The refinery plan based on the experience of 
other countries will not give us the optimal re¬ 
sults. As compared to the product-mix obtain¬ 
able in India given in Table above, the share of 
different distillates in other countries are given 
in Table 8.15 which shows the wide variations of 
the comparative shares of each distillate range; — 

Table 8.15 

Comparative Shares of Different Distillates in 
Western Countries (1972)* 

(in percentage) 


Distillate 

U.S.A. 

Western 

Europe 

Light Distillate .. 

43 

17 

Middle Distillate 

29 

32 

Heavy-end 

28 

51 

•Inolndes refining losses. 

Source: Based on data from British Petroleum 
tical Review of the World Oil Industry 1972. 

Statis- 


In view of the very sharp difference in the pat¬ 
tern of refinery production required in the coun¬ 
try as compared to the patterns obtained in other 
countries, it is necessary for us to work out opti¬ 
mal patterns in refinery planning. 

8.20. The Committee felt that refining capaci¬ 
ties based on the broad aggregates of oil products 
demand will not lead to optimal decisions in in¬ 
vestment planning in the petroleum industry be¬ 
cause of the joint product nature of leiining 
operations. Regional dis-aggregation t f demand 
estimates show dissimilar patterns of regional dis¬ 
tribution of the requirements of various petro¬ 
leum products. Also, the growth rates of con¬ 
sumption of different oil products are different in 
various regions. Because of these variations it 
comes difficult to match supply pattern of pro¬ 
ducts exactly with the demand pattern. For ex¬ 
ample. if a region is short of middle distillates 
some of the choices open are; 

—To increase the refinery capacity so as to 
meet the demand for these products 
fully and to transport surplus naphtha 
and fuel oil to other regions; or 

—To increase the refining capacity margi¬ 
nally, maximise the yield of middle dis¬ 
tillates, import the rest of the require¬ 
ments of middle distillates into the re¬ 
gion and transport marginal surpluses 
of naphtha and fuel oil to other regions; 
or 

—To increase the refining capacity marginal¬ 
ly and use surplus fuel oil for secondary 
processing like hydro cracking to yield 
the maximum middle distillates and 
transport the marginal surpluses out of 
the region. 


Each of these alternatives has corresponding 
costs and economic considerations would suggest 
the choice that involves minimum costs in terms 
of production and transport of crude and pro¬ 
ducts. 

8.21. It was observed that the approach to 
planning for production and distribution of oil 
products so far has been the basis of partial ana¬ 
lysis. For a given demand pattern which is de¬ 
marcated by administrative and price policy con¬ 
siderations, demands for all the oil products are 
estimated and a proposal for a refinery along 
with necessary secondary process units is made 
which meets the product demands of this zone. 
The selection of (a) type of crude oil; (b) capaci¬ 
ties of secondary process units; and (c) the blend¬ 
ing of intermediate stocks to get final products, 
are all made with reference to the given demand 
pattern in that zone. In regard to the existing 
refineries also the criterion of operating decisions 
by the refinery management is to maximise pro¬ 
fits given the product prices and demand pattern 
of the demand zone, though Government inter¬ 
venes from time to time to marginally modify 
the product pattern of the refinery in the public 
interest. Investment and operating decisions 
taken on the basis of considerations outlined 
above need not result in a yield pattern of re¬ 
fineries which meet the product demand in diffe¬ 
rent regions at a minimum cost to the economy 
as a whole. 

8.22. Investment and operating decisions in 
petroleum refining have significant interrelations 
with investment decisions of oil consuming in¬ 
dustries notably nitrogenous fertilizer industry. 
Inter dependence between the decisions of these 
two sectors is so important that the Committee 
felt that the decisions in these two sectors should 
be simultaneously considered. Nitrogenous ferti¬ 
lizer (urea, ammonium sulphate and calcium 
ammonium nitrate etc.) and complex fertilizers 
require ammonia as the major intermediate pro¬ 
duct. For indigenous production of ammonia, 
various raw materials can be used as feedstock 
ranging from natural gas, coke oven gas, naphtha 
(unrefined petrol) fuel oil (heavy stock), coal, 
lignite and water (electrolysis process). The selec¬ 
tion of raw material for fertilizer production 
would depend upon the estimated availability of 
the raw materials and relative investment and 
operation cost. Natural gas has the lowest invest¬ 
ment and operating cost but its availability is 
limited both quantitatively and geographically. 
Coal-based fertilizer plants near the coal mines 
and for regions away from coalfields, the use of 
naphtha and fuel oil (LSHS, Low Sulphur Heavy 
Stock) as feedstocks for fertilizer manufacture 
would have to be considered. The availability of 
these raw materials would, however, depend on 
the level of refining capacity and the yield pat¬ 
tern of the refinery. Availability of naphtha, for 
example, would be determined by assumptions 
regarding (a) level of refining capacity in the re¬ 
gion, (b) production of light distillates to crude 
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charged, (c) estimated demand for light distillates 
in the form of motor gasoline. By using different 
assumptions at each of three levels one can esti¬ 
mate the surplus or deficit of naphtha. On ac¬ 
count of this inter-dependence, decisions regard¬ 
ing level of refining capacity and its regional dis¬ 
tribution, addition of new secondary process 
units and extent of flexibility in refinery opera¬ 
tions have to be considered simultaneously with 
the technological choice and locational alterna¬ 
tives in the fertilizer industry. To the extent coal 
can be substituted for oil in fertilizer production, 
power generation, rail transport etc., investment 
and production decisions of coal industry would 
also have to be integrated with those of petro¬ 
leum. 


8.23. The Committee evolved a Mathematical 
Programming Model* which would enable the 
explicit consideration of inter-dependence of in¬ 
vestment and operating decisions in the petroleum 
and fertilizer industries. The components of this 
programming model are (i) spatial patterns of 
demand for the product, (ii) the investment cost 
of various technological alternatives which are 
available to meet these demands, and (iii) the 
choice of those alternatives which minimise the 
total cost of production plus transportation of 
meeting these demands. This is part of a larger 
model which incorporates the demand for coal 
and possibilities of substitution of coal for fuel 
oil etc. 


8.24. The results obtained from the program¬ 
ming exercise can be considered as providing a 
guidance to the directions for making a policy. 
The figures of capital cost as well as operating 
cost and different investment options used in this 
study have changed very rapidly during the last 
one year, and more so during the last few months. 
The locational aspects of the investment like the 
crude that would be processed in each refinery, 
the demand for bitumen in that area and the 
possibilities of producing and marketing further 
high value products and the units sizes of the 
secondary process plants to be adopted are fac¬ 
tors which have to be taken into account along 
with the results of the programming exercises to 
arrive at meaningful investment options. While 
each specific investment decision will have to be 
made on the basis of a more detailed study, the 
broad directions in refinery planning appear to be 
that we should undertake more of secondary pro¬ 
cessing of heavy-end products to produce more 
of middle and light distillates. This will be true 
as long as the price ratio between middle and 
light distillates to the heavy ends continues to 
be in the same proportions as prevailing prior to 
1973. (The differential betw'een the middle distil¬ 
lates and heavy-ends in very high now and at this 
price secondary processing is very desirable). 
The Table 8.16 gives the broad indications of the 
products required and the extent of refinery and 
secondary processing capacity that can come to 
production which will optimally meet the total 
requirements. 


Table 8.16 

Suggested Refinery and Secondary Processing Capacity in 1978-79, 1983-84 and 1990-91 

(Figures in m. tonnes) 


1978-79 1983-84 1990-91 


A. Total cajndly at the end of the period 


(i) Befining .. 

33 05 

44-56 


72-05 

(ii) Hydro-cracking 

2-00 

3-60 



8-00 

B. Product availahility demand from capacity suggested at A. 

Avail- Demand 

ability 

Avail¬ 

ability 

Demand 

Avail¬ 

ability 

Demand 

(i) Light Distillate 

6-22 

6-53 

6-70 

7-44 

10-25 

10-62 

(ii) Middle Distillate ,. .. .. 

16-66 

16-66 

22-76 

22-90 

38-03 

38-00 

(iii) Heavy Ends 

9-21 

9-12 

12-H 

12-24 

18-14 

18-12 


♦The mathematical formulation of the programming mode! is described in Technical Note VIII (1). 
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8.25. The results show that secondary proces¬ 
sing capacity in terms of hydrocracking may 
have to be increased to about 8 million tonnes 
by 1990-91. But these should be taken only as 
broad indications. Other processes like catalytic 
cracking and coking may be of greater advantage 
under certain circumstances. The Committee 
would recommend that in each Plan period, there 
should be a very careful examination of the re¬ 
finery locations, the product-mix required in 
each refinery the extent of secondary processing 
to be established and the feedstock choices for 
the fertilizer industry should be examined by 
considering these options simultaneously, if ne¬ 
cessary with the help of programming models. 
The Committee feels that substantial economies 
in investment and crude import costs could he 
achieved by proper investment decision in the 
petroleum and fertilizer industry. 

Minimking the foreign exchange requirements 

to meet the oil demand 

8.26. Given a level of demand for oil products, 
the net expenditure in foreign exchange required 
to supply these could be minimized by (a) in¬ 
creasing the quantitiy of oil products within the 
country by increasing the crude production which 
can be achieved either by intensifying oil explo¬ 
ration activities or by developing on a commer¬ 
cial scale, the technology of converting coal to 
oil, and (b) by reducing the cost in terras of 
foreign exchange for a unit of crude or product 
delivered to the country. 

Oil exploration in India 

8 27. The option of converting coal to oil does 
not appear to hold any bright promise till the 
technology is adequately developed. (See Chapter 
XII). Intensifying oil exploration activities is. 
therefore, an urgent need. The potential oil re¬ 
sources of the country, the activities of the oil 
exploration agencies and the success achieved so 
far have been analysed in Chapter IV. This ana- 
covers only 4% of total potential oil bearing 
iovers only 4% of total potential oil bearing 
area. The expenditure on oil exploration so far 
is less than Rs. 400 crores. The cost of develp- 
ing the oil wells in India and producing crude, 
based on an experience so far is quite favourable 
if oil is valued at the price of imported crude 
even if the prices as in early 1973 are consider¬ 
ed. At the present price of crude in the interna¬ 
tional market, oil exploration in India is an eco¬ 
nomically viable activity even if the risks are 
rated high. The results of the recent drilling at 
Bombay High have added urgency to the oil ex¬ 
ploration activities. All evidence points towards 
the need for speeding up exploration activities 
particularly in the off-shore areas and .selected 
on-shore areas. There are various ways of ex¬ 
panding exploration activities. India should care¬ 
fully consider the options available, expedite oil 
exploration activities and draw up a policy which 
will not only he an advantage in the short-run 


but also be consistent with our long-term deve¬ 
lopment strategies. To begin with, there is urgent 
need to augment the capabilities of the ONGC 
by providing them with more modern equipment, 
like deep drilling equipment and seismic explo¬ 
ration vessels and off-shore rigs, training out men 
in new technologies of exploration. 

There are also possibilities of developing oil 
resources in the Middle East countries in colla¬ 
boration with the Government of those countries. 
Based on the complementaries of the resource 
endowments of India and the oil exporting coun¬ 
tries, meaningful bilateral arrangements under 
which India can participate in crude production 
in the Middle East countries, could be explored. 

Reducing the cost of oil transport 

8.28. The delivered cost of crude to India 
would consist of the price paid for the crude at 
the exporting port and the cost of the ocean 
transport to bring it to India and the cost of 
handling at the port. There are significant econo¬ 
mies to be obtained by using the large size ves¬ 
sels for import of crude and by adopting optimal 
handling methods. It appears that importing of 
crude in very large crude carriers and unloading 
them in off-shore terminals would be of greater 
advantage than the construction of new port faci¬ 
lities to bring in larger vessels. There should be 
a proper matching of the size of vessels acquir¬ 
ed by the Indian Shipping Companies, the type 
of the ports developed and the location of re¬ 
fineries. It is necessary to undertake systems 
studies on these to ensure that optimal decisions 
are taken regarding the long-term development 
of ports and shipping and refineries in India. 

8.29. The net foreign exchange expenditure on 
account of oil imports could also be reduced by 
stepping up the export of certain high value oil 
products like lubes, solvents and petroleum wax 
which are made out of the low value heavy-end 
fraction. As oil demand in-the country increases 
the unit size of oil refineries will increase and 
this will provide opportunities for taking up the 
manufacture of high value products on scales 
which would make their production international¬ 
ly competitive. But it is necessary to note that in 
pursuing such export investment options, India 
will have to compete with very large interna¬ 
tional oil companies and the long-term demand 
and supply situation will be subject to several 
uncertainties. While the potential for export of 
oil products should be kept in view, adequate 
care should be taken to analyse the long-term 
prospects for the product before investment op¬ 
tions are approved. 

Security of supplies 

8.30. Some of the measures already discussed 
like increasing exploration activities,, increasing 
crude carrying capabilities of the Indian Shipping 
industry etc. will increase the security of supply 
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of oil to India. Besides this, with a view to pro¬ 
viding an insurance against short-run breakdown 
in the supply of crude to the country, there is 
need for building up a stock of crude within the 
country. In the countries of European Economic 
Community (EEC), the suggestion to build up 90 
days’ stock is being vigorously pursued. As the 
cost of maintaining stocks is very large, we 
should explore various ways of building up our 
stocks consistent with our resources. 

Prodact’Wise policy implications 

8.31. As oil is consumed invariably as a refin¬ 
ed product, measures which are to be adopted 
as part of the oil policy should be designed with 
reference to each important oil product separate¬ 
ly. The important oil products are Naphtha, 
Motorgas. Kerosene, HSDO and LDO, Fuel Oil 
including LSHS and HHS. It would be useful to 
review the use of these important oil products. 

Napbiba 

8.32. Naphtha and motorgas constitute the im¬ 
portant products in the light distillate range in a 
refinery. The yield of Naphtha and motorgas 
within the possible total yield of both of these 
can be adjusted. In other words, more of Naphtha 
can be produced at the cost of motorgas and vice 
versa. The consumers of these products fall in 
different categories. Naphtha is used as a feed¬ 
stock for the manufacture of fertilizer and petro¬ 
chemicals; while motorgas is used for propelling 
motorgas driven vehicles. The demand for naph¬ 
tha for the fertilizer and petro-chemical units in 
operation and under construction would add upto 
3.47 million tonnes by 1978-79. At the present 
relative prices of naphtha, fuel oil and coal, no 
naphtha based new fertilizer project is likely to 
be undertaken. The Fifth Five Year Plan gives 
indication that there is likely to be no new in¬ 
vestments in petro-chemical industries. Invest¬ 
ments. if made in the Sixth Plan, the projects may 
be completed only T5y 1983-84. We have there¬ 
fore not taken note of any possibilities of increas¬ 
ed naphtha consumption right upto 1983-84 from 
the levels reached in 1978-79. In fact, increase in 
efficiency of use of naphtha in fertilizer industry 
as well as petro-chemicals is possible in the 
country and in view of this the total naphtha re¬ 
quirements may go down marginally. But by 
1983-84 there will be some more plants in the 
petro-chemical sector using naphtha and its de¬ 
mand may go up. As seen from the refining capa¬ 
city and pattern suggested for different years, 
light distillates will be in short supply right upto 
1990-91. Naphtha demand will have to be regu¬ 
lated by proper licensing of fertilizer and petro¬ 
chemical projects. It will be necessary to price 
the naphtha produced within the country appro¬ 
priately and not to make it cheap. Motorgas de¬ 
mand has been projected to increase at a rate 
slightly lower than 4 per cent throughout this 
period. The demand for motorgas has been shown 
Cfostic to prices snd. if at any time the demand 


for motorgas increases beyond the rate anticipat¬ 
ed, it will be possible to regulate it by suitable 
fiscal measures. 

Kerosene and HSDO 

8.33. The past trends in the consumption of 
kerosene and HSDO give some misleading re¬ 
sults as there has been diversion of kerosene for 
use in transport. An analysis of the growth of 
consumption of kerosene and HSDO together 
shows that in the last twelve years from 1960 to 
1972, it increased at the rate of 8.2 per cent. The 
estimates made in this Report (Case-II) would 
imply a growth of 7.7 per cent of kerosene and 
HSDO combined in the period between 1972-73 
to 1978-79, which will be reduced to about 6,6 
per cent in the VI Plan period and increase later 
to about 7.4 per cent in the VII Plan period and 
beyond. The management of demand of kerosene 
and HSDO will be the most important element 
of Oil Policy. The Committee in its Report “Fuel 
Policy for the Seventies”—May 1972, had re¬ 
commended that “efforts should be made to 
bring kerosene and HSDO prices as near as 
possible either by increasing the price of kerosene 
or by reducing the price of HSDO”. This has now 
been done. If at any time it becomes necessary 
to tax the consumer of HSDO and kerosene 
at different rates, tax should be levied on the 
consumers of HSDO by suitable levies on other 
products which they use along with HSDO like 
tyres, tubes or spare-parts for diesel driven vehicles 
than by increasing duties on HSDO as such which 
will re-introduce a difference in the prices of 
HSDO and of kerosene. Besides, the levies on 
materials like tyres, tubes or spare-parts used by 
diesel consumers who are dependent on the ex¬ 
tent of use of, diesel there can also be a levy 
which can be collected along with the road tax 
that is collected on vehicles. In view of the diver¬ 
sion of kerosene to other use, the Committee 
would strongly urge that the price of HSDO and 
kerosene should continue to be kept at par with 
each other by increasing or decreasing the tax on 
these together whenever there is a need for a 
price revision. 

8.34. When the prices of diesel and crude were 
brought to the same level, the extent of register¬ 
ed officially computed HSDO consumption and 
kerosene consumption will be quite different from 
what has been observed in the past. Oil industry 
estimated that consumption of kerosene will go 
down by 4.5 per cent followed by an equivalent 
increase in HSDO consumption. The experience 
in the last few months indicates that kerosene 
consumption has not gone down by this extent. 
The Committee, has. therefore, taken away 30 
per cent from kerosene consumption and added 
it to HSDO to get the assumed base level con¬ 
sumption of HSDO in 1972-73. In view of the 
uncertainties regarding the base level consump¬ 
tion of HSDO and kerosene it is not very useful 
to make a comparison of the rates of growth of 
HSDO and kerosene separately, with those im¬ 
plied in the forecast. 
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8.35. Our estimate for HSDO has been made 
in quantitative terms for the year 1978-79. 1983- 
84 and 1990-91 and these tally with the likely 
availability of vehicles in the respective years. 
In arriving at Case-II estimates, we have assum¬ 
ed that beyond 1978-79, the rate of growth of 
road transport is assumed to be lower than in 
the previous years and that this can be achieved 
by more efiBcient management of the Railways 
and proper coordination of road and rail trans¬ 
port. If this is to be achieved in the Sixth Plan 
period, organizational and operational improve¬ 
ments have to be introduced in the railways even 
during the Fifth Five Year Plan. Management of 
HSDO demand to the levels indicated in this 
Report is possible only by prbper formulation of 
a transport policy which will coordinate the road 
and railway transport in an optimal manner. The 
Committee would recommend that immediate ac¬ 
tion should be taken in this regard. Long distance 
movement of commodities by road should be 
discouraged; while simultaneously increasing the 
capability of the railway transport. Containerisa¬ 
tion and introduction of door-to-door service by 
the railways are some of the procedural measures 
that could be adopted to make them discharge 
efficient transport of certain commodities which 
are moved increasingly by roadways now. 

Diesel traction in railways 

8.36. The Committee has tried to examine 
whether the use of diesel for tradition in the rail¬ 
ways could be reduced. The study brings out that 
the selection of the optimal mode of traction as 
among, steam, diesel or electricity will depend 
on the density of traffic prevailing on particular 
sections, the profile of growth of traffic on the 
sections and the topographical conditions. Other 
factors like continuity of mode of traction and 
the relative price of coal and oil and electricity 
also have a bearing on the results. The major 
problem in making a study to work out the opti¬ 
mal mix of coal, diesel, electrical traction is the 
lack of data to project the traflSc density along 
the various routes in the railways based on fore¬ 
casts of the regional pattern of growth and the 
pattern of commodity movemenmts. The first 
outline of the Corporate Plan of the Indian Rail¬ 
ways has been drawn up only recently and this 
does not contain the pattern of commodity move¬ 
ment. Making a partial analysis, it is found that 
diesel traction is better than steam traction on 
routes where the density of traffic, is more than 
4 to 5 million tonnes. The efficiency of energy 
utilisation in a steam loco is 7 to 12 per cent 
compared to about 28 to 30 per cent in the diesel 
engine. The operational costs of steam locos are 
also higher on account of the need to provide 
stoppages for watering facilities etc. There is a 
large stock of steam locos with the Indian Rail¬ 
ways in which the investment has already been 
made and the continuance of this traction is more 
economical than replacing them with newly ob¬ 
tained diesel electric locos in areas where the 


traffic conditions on a particular route do not call 
for an increase in the number of trains to be 
moved. Introduction of the diesel traction or 
electric traction on a line increases the number 
of trains which could be moved along the track 
on account of the increased speed of the diesel 
locos. The operational costs are also lower 
than in the case of steam locos and lower still 
in the case of electric locos but the investment 
costs are higher in the case of electric traction. 
Given these facts, it is clear that steam locomo¬ 
tive have to be preferred only on lines where the 
density of traffic is low and diesel traction lines 
where the density is higher but not adequate to 
justify the investment required for introducing 
electric tractiop. 

8.37. The mix of steam, diesel and electric 
traction which should minimise the total cost of 
moving a given level of traffic will depend on the 
density of traffic on the different lines and the 
terrain of the land. In the absence of data regard¬ 
ing commodities, origin, destination, details of 
freight etc. only broad judgement of the likely 
trends could be made. The traffic routes from 
Delhi to Calcutta, Delhi to Bombay, Bombay to 
Calcutta and Madras to Delhi account for 14 per 
cent of the total route kilometerage but they carry 
50 per cent of the total frieght traffic. The rate 
of growth of traffic on these lines has also been 
steadily increasing. Similarly, the sub-urban 
routes around metropolitan towns have very high 
traffic density which has also been increasing 
rapidly. The rail transport requirements in the 
steel-coal belt area has also increased considerab¬ 
ly. It is clear that these routes should be electri¬ 
fied as expeditiously as possible. The railways 
have already drawn up plans in this ’ direction. 
It has been estimated by the railways that 1800, 
3000 and 4000 Km will be electrified during the 
Fifth, Sixth and the Seventh Plan periods, which 
would take the total electrification to 12,800 
Kms. With electrification of track increasing to 
that extent, it is anticipated that the railways can 
maintain the stock of diesel locomotives at a 
constant level of about 2,600 and the consumption 
of diesel at 0.8 mt per year from then on. In 
other words, diesel consumption which was 0.5 
mt in 1970-71 will increase to 0.8 mt by 1978-79 
and stay at that level from then on. Though the 
stock of diesel locomotives will remain the same 
from 1978-79 onwards, the areas in which they 
operate will change from time to time. The diesel 
traction will be introduced in the areas where the 
steam traciton will be unable to handle the in¬ 
creasing load traffic but electricity could not be 
extended for want of adequate traffic. The Com¬ 
mittee considered this plan to be a reasonable 
one. as upto 1978-79, the pace of electrification 
cannot be increased and the increasing traffic 
loads can be carried by introducing diesel locos 
only. However, the extent of goods to be moved 
by electric trartion as per our estimates indicat¬ 
ed in Chapter III will be somewhat higher. The 
Committee’s estimates of demand of electricity 
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for transport is, therefore, considerably higher 
than the estimates made by the railways. 

L.D.O, 

8.38. LDO is used for running irrigation pump- 
sets for lifting water and for running fishing crafts 
and as a support fuel in certain thermal power 
stations. The estimates of demand imply -a 6.3 
per cent growth during 1972-73 to 1978-79 and 
3.5 per cent in the Sixth Plan and about 4.5 per 
cent from then on. The reduction in the rate of 
growth in the Sixth Plan is dependent on the in¬ 
creased pace of rural electrification and extend¬ 
ing electricity to most of the pumpsets. This 
should be done in a phased manner to ensure 
first that in each electrified village all the pump- 
sets should be electrified, instead of energizing 
only a few pumpsets. This will bring down the 
requirement of public investment for reducing 
oil consumption in the agricultural sector. I'he 
procedures now followed for electrification of 
wells in villages and the procedures of extending 
financial assistance to farmers for setting up elec¬ 
trical pumpsets should be suitably modified to 
ensure that almost all pumpsets in any village 
which is electrified, obtain electrical connection 
and operate on electricity only. Surveys show that 
a large percentage of farmers with electrical 
pumpsets also keep diesel pumps for standby 
operations and use them frequently on account 
of the frequent failures of electricity in the rural 
areas. The improvement in the efficiency of opera¬ 
tion of rural power supply will have a salutary 
effect in reducing the consumption of oil. 

Fuel oil 

8.39. Fuel oil is one oil product whose con- 
pmption can be severely restricted without affect¬ 
ing the level of economic activity provided the 
substitute indigenous fuel namely, coal, is made 
available to the consumer in adequate quantity. 
As discussed earlier naphtha would be in great 
shortage and a large portion of our fertilizer 
needs may have to be met by production based 
on fuel oil. Fuel oil is a valuable raw material 
for the production of high cost petroleum pro¬ 
ducts which have either a good export potential 
or serve as import substitutes. Large quantities of 
fuel oil should, therefore, be earmarked for pro¬ 
duction of high value products like lubes, bitu¬ 
men. petroleum coke and wax. There is a strong 
case for curbing the use of fuel oil. Technologi¬ 
cally. about 70 per cent industries where fuel oil 
is used, can switch over to coal and about 2 to 
2.2 tonnes of coal can substitute 1 tonne of fuel 
oil. In earlier periods fuel oil demand was below 
the level of its availability. The oil companies 
and even the Government had undertaken promo¬ 
tional measures for the use of fuel oil. Currently, 
the case for the use of fuel oil rests almost en¬ 
tirely on the non-availability of coal and the un¬ 
reliable nature of its supply to the industrie.s. If 


these deficiencies in the coal distribuiton system- 
are remedied, there is great scope for curtailing 
the use of fuel oil. All efforts should, therefore, 
be made to prevent any new industry from tak¬ 
ing up the use of fuel oil if it can use coal. The 
Committee would, therefore, recommend that 
even at the stage of licensing new industries, the 
use of fuel oil in furnaces should be prohibited 
and the nationalised coal industry should be ask¬ 
ed to take immediate steps to set up coal dumps 
in all the industrial centres of the country from 
where, the industrialists could collect their coal 
requirements. 

8.40. Another large sector using fuel oil in in¬ 
creasing quantities is the thermal power sector. 
Though the main fuel in the power generating 
stations is coal, a certain amount of oil has to be 
used during the start-up of the plants as well as 
at times when the load on the thermal stations 
goes below a particular level. The previous de¬ 
sign of the small boilers was such that the oil 
support became necessary only when the load on 
the thermal stations was below 30 per cent of its 
capability. Newer designs seem to call for oil 
support even when the load on the station is 
around 50 per cent. Some of the power station 
engineers are claiming that oil support becomes 
necessary even when the load is as high as 70 
per cent. Considering the very large increase in 
thermal power generation in the coming decade, 
the Committee would recommend that the Gov¬ 
ernment should take immediate steps to improve 
the design of indigenous thermal equipment with 
the specific objectives or reducing the technologi¬ 
cal requirements of oil in the thermal plants. 

Fertilizer production based on oil products 

8.41. The major industries which use oil pro¬ 
ducts for non-energy purposes are fertilizer and 
petro-chemical industries. Nitrogenous fertilizer 
can be produced by using either natural gas. 
naphtha, fuel oil or the coal as the feedstock. The 
choice of feedstock would depend on the relative 
availability and the price of feedstocks and the 
investment and operating costs of producing a 
unit of fertilizer, using the different feedstocks. 
The Committee, as indicated earlier, tried to 
identify the optimal level of use of different feed¬ 
stocks in the economy keeping in view the re¬ 
finery capacities and the demand for different oil 
products. The exerci.ses using a programming 
model* indicate that the use of naphtha for fer¬ 
tilizer production will not lead to overall eco¬ 
nomy. Fuel oil becomes the preferred feedstock 
as long as the price of crude is around $7 per 
barrel. If current prices of coal and crude are 
considered, coal is indicated as the prefered feed¬ 
stock for fertilizer production. If the fuel oil pro¬ 
duction in the refineries is in excess of the demand 
for fuel oil needed for energy use, it should be 
subjected to secondary processing to get more of 
middle distillates products like diesel or kerosene. 


*See para 8. 
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But the discussions with the Government agencies 
dealing with fertilizer production indicated that 
the technology for coal-based fertilizer production 
has not been tried out on a large scale so far and 
that they would like to gain operating experience 
from the three coal based fertilizer plants under 
construction in the country before new coal based 
projects are taken up. The construction time for 
a coal-based fertilizer plant is atleast a year 
longer than the construction time for a fuel oil- 
based plant. The Committee is of the view that 
even if in view of the lack of operating experience 
of large scale fertilizer produciton based on coal 
and the need to complete quickly a few more fer¬ 
tilizer projects within the country to meet the 
shortage of fertilizer a few projects based on fuel 
oil are taken up during the Fifth Plan, these pro¬ 
jects should have adequate provision to switch 
over to the use of coal at a later date. Such a 
change in feedstock is technically feasible with 
certain additional investment. The Committee is 
also of the view that new fertilizer projects should 
he designed to make use of coal as the feedstock. 
However, in the refineries, even when the surplus 


heavy-end products are subjected to secondary 
processing, there will be some quantities of heavy 
residual material {vacuum-bottoms) which cannot 
be used as a oil product except for burning as a 
fuel or as feedstock for fertilizer production. Such 
material should be used as feedstock in preference 
to their use as fuels. There would, therefore, be a 
small proportion of fertilizer units during each 
Plan period which would be based on the use of 
“fuel oil” i.e. residual oil in the refineries alter 
producing other oil products; the rest of the rer- 
tilizer production may have to be based on na¬ 
tural gas or coal. 

Gas utilisation 

8.42. The use of natural gas represents only a 
very small share in the total consumption of com¬ 
mercial energy. But it is noteworthy that very 
rapid increase has been registered iii the last one 
decade. In 1961 the natural gas production was 
170 million cubic meters whereas in 1972 it in¬ 
creased to 927 millicm cubic meters. Table 8.17 
sets out the pattern of utilisation in selected areas. 


Table 8,17 

Production and Statewise Utilization of Natural Gas in India 

____(million cubic metre) 


Utilization 


Year 

t 

Produc¬ 

tion 



Assam 



Gujarat (ONGC) 


Grand 

Total 


AOC* 

OIL* 

Others 

Total 

UPH 

DPH GSPC Others 

Total 

1961 

172 

164 

14 

.3 

171 




171 

• ' 

. . . . * • 

• • 

1966 

803 

145 

64 

46 

266 

66 

61 

117 

372 

1970 

1424 

134 

66 

171 

360 

86 

68 174 

317 

677 

1972 

1,666 

127 

164 

206 

497 

126 

89 189 27 

430 

927 


Note: UPH—Uttaran Power Station. 
DPH—Dhuvaran Power Station. 
GSPC—Gujarat State. 

Fertiliser Co. 


It will be seen that considerable quantities of na¬ 
tural gas are not being utilised now as these are 
produced in small quantities in a large number of 
wells. Efforts are now being made to utilize as, 
much as possible of the production. Recent ex¬ 
plorations. inland and on-shore, indicate the 
possibility of discovering substandard quantities 


*AOC and OIL have been using gas for field operations. 


of natural gas. The production of fertilizers, 
methanol and other chemicals based on natural 
gas will have to be given preference over the use 
of natural gas as a mere fuel. It has not been 
possible at this stage to assess the likely level of 
production of natural gas in the coming years. 




CHAPTER IX 


POLICY FOR POWER SECTOR 


9.1. Electricity is an important constituent of 
commercial energy consumed in India. Due to 
the versatility of its use the rate of growth of 
consumption of electricity in this country has 
been the highest among the growth rates of con¬ 
sumption for the various fuels. As electricity can 
be produced from different sources, namely, coal, 
oil, nuclear fuels or hydel potential, the choice of 
technology for production of electricity will have 
an effect on the demand for other fuels in the 
country. The choice of technology for power 
generation will depend on a number of complex 
techno-eonomic factors which would be discussed 
later in the Chapter. 

Trend in power consumption and generation 

9.2. The generation of electricity from 1960-61 
to 1971-72 and the projected level of demand in 
1978-79, 1983-84 and 1990-91 are set out in 
Table 9.1. 

Table 9.1 

Electricity Generation —1960-61 to 1990-91 

(in million KWhrs) 


1960-61 .. .. .. .. .. 20123 

1968-66 ,. .. .. ,. .. 36826 

1971-72 . 66384 

1978-79 (Projected) .. .. .. 124000 

1983-84 (Projected) .. .. .. 206000 

1990-91 (Projected) .. .. .. 392000 


Indices of Fuel Consumption 

9.3. The indices of consumption of difffferent 
fuels is given in Table 9.2. 

Table 9.2 

Indices of Consumption of coal, oil d electricity 


(1960-61 = 100) 


Year 



Coal 

Oil* 

Electri¬ 

city 

1960-61 



100 

100 

100 

1966-66 



128 

169 

181 

1970-71 



127 

245 

288 

1973-74 



199 

316 

366 

1978-79 



341 

478 

618 

1983-84 



BOS 

632 

1023 

1900-91 

• • 


847 

990 

1968 


Note : *Thui includes oil products used in the non-enerirv 
sector, *■' 


9.4. In Chapter II, the relative rates of growth 
in consumption of electricity and other fuels have 
been discussed. The average annual rate of 
growth of generation of electricity during 1953-54 
to 1960-61 was 10.7 per cent while from 1960-61 
to 1965-66 it was 12.85 per cent but from 1965- 
66 to 1971-72 it was 10.35 per cent. In the period 
after 1971-72 there were severe physical con¬ 
straints on power generation and its rate of 
growth in 1972-73 was about 5 per cent. Ouri 
forecasts implj^ that during the Fifth and the 
Sixth Plan period and upto 1983-84 the average 
annual growth rate of electricity generation would 
be 10.7 per cent. The figures obtained by diffe¬ 
rent methods of forecasting indicated a decreas¬ 
ing trend in the annual rate of power require¬ 
ments over time. But in keeping with the policy 
of restricting the use of oil products, the Com¬ 
mittee felt that electricity generation requirements 
should be suitably increased so as to provide for 
the assumed increased consumption of electricity 
in place of oil in transport, agriculture and do¬ 
mestic sectors. 

9.5. The levels of power generation forecast in 
this Report is capable of fulfilling the following 
targets of power consumption: 

—by 1990-91 all urban households and 70 
per cent of rural households in the 
country will be provided with electricity 
for lighting purposes; 

—the number of agricultural pumpsets ope¬ 
rated by electricity will increase from 
2.5 million in 1973-74 to about 12 mil¬ 
lion by 1990-91; 

—the per capita consumption would increase 
on an annual average rate of 9.0 per 
cent during the period 1973-74 to 1990- 
91 and reach a level of 447 kWh in 
1990-91. 

9.6. The per capita consumption of electricity 
in India from 1960-61 to 1990-91 are set out in 
Table 9.3. 

Table 9.3 

Per Capita Consumption of Electricity (1960-61 
to 1990-91) 

Per capita 
consump¬ 
tion 

Year _ (kWh) 

1960-61 .. .. .. ,. .. 38-2 

1965-66 .. .. .. .. .. 61-83 

1970-71 .. .. .. .. ., 89-76 

1073-74 .. .. .. .. .. 103-22 

1978-79 .. .. .. .. 173-40 

1983-84 .. .. .. .. .. 263-00 

1990-91 .. .. .. .. 447-00 


74 
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9.7. Changes in the per capita consumption of 
electricity are determined by the changes in 
population and the total electricity available; the 
latter is closely correlated to grcss national pro¬ 
duct (GNP). The index of ratio of electricity 
generated to GNP will move closely with the 
index of GNP. The movement of the indices of 
electricity generated. GNP and per capita electri¬ 
city generated in India is given in Table 9.4. 

Tablb 9.4 


Indices of electricity generated, GNP and per 
Capita Electricity Generated 

(1960-61=100) 


Year 

Index of 
electri¬ 
city ge- 
aerated 

Index of 
GNP 

Index of 
ratio of 
electrici¬ 
ty genera¬ 
ted to 
GNP 

Index of 
per capita 
electri¬ 
city 

generated 

IWO-61 

. 1000 

100-0 

100-0 

100-0 

1905-66 

183-0 

' 115-0 

108-0 

168-1 

1970-71 

326-6 

144-2 

228-5 

258-1 

1078-79 

616-2 

221-3 

278-4 

385-9 

(projected) 

1983-84 

1018-7 

296-1 

344-0 

594-9 

(projected) 

1990-91 

1948-0 

445-2 

437-6 

1044-3 


(projected) _ 

9.8. The elasticity of electricity consumption 
is defined as the ratio of the percentage rate of 
growth of power consumption to the percentage 
rate of growth of GNP. Experience of other coun¬ 
tries indicates that the elasticity of electricity con¬ 
sumption slowly deceases over time. The past 
trends in India and the forecast of electricity 
consumption made in the Report conforms to the 
experience of other countries. The elasticity of 
electricity consumption in India is set out in 
Table 9.5. 

Table 9.5 

Elasticity of Power Consumption 

Average Average Elaeti- 
growtfi growth city 
rate of rate of 
GNP % power 

oonsump- 

Period tion% 


1960-61 to 1965-60 

2-8 

12-6 

4-6 

1966-66 to 1070-71 

4-0 

9-7 

2-1 

1973-74 to 1978.79 

6-6 

11-7 

2-1 

1978-79 to 1983-84 

6-0 

10-6 

1-8 

1983-84 to 1900-91 

6-0 

9-8 

1-6 


Modes of geiKratioii 

9.9. The extent to which such growth in the 
level of consumption of electridty would affect 
the primary fossil fuel industry like coal and oil 
would depend on the extent of contribution to 
the power requirement from the hydel and nu¬ 
clear power stations in the power generating sys¬ 
tem. The percentage share of power generated 
in the past and that projected for 1978-79 from 
different categories of power stations is given in 
Table 9.6. 


Table 9.6 


Percentage share of electricity generated by 
different modes of generation 


Tear 


Hydel 

Tkerinal 

Nuclear 

Total 

1951 

.. 

48-82 

51-18 


100 

1966 


44-46 

56-66 

. . 

100 

1960-61 

. , 

46-27 

53-73 


100 

1965-66 

. . 

46-16 

63-86 

. . 

100 

1970-71 

-• 

46-23 

60-44 

4-83 

100 


9.10 From 1951 fight upto 1970-71 the hydel 
stations have been contributing about 45 per cent 
of energy generated in the power sector. It is 
only by the end of the Fifth Plan period that the 
energy contribution from hydd stations is likely 
to be lower, i.e., about 38.3 per cent of the total 
power generation. This lowering of contribution 
of power generation from hydel stations is partly 
due to the planned shift towards using hydel po¬ 
wer stations as peaking stations and partly due to 
inadequacy of hydel schemes taken up during 
the previous Plan periods. In the past there was 
no systematic evaluation of different choices 
available for power generation for selecting the 
optimal mode of generation. Wherever hydel po¬ 
tential was easily exploitable hydel stations were 
set up and thermal stations came up essentially 
in areas where coal was in abundant supply. 

9.11. Table 9.7 gives the category-wise installed 
capacity in the power sector in India at different 
points of time. 

Table 9.7 


Installed Capacity—Categorywise 


(MW) 




Thermal 



Year 


Hydel 

Coal 

-1 

Diesel 
& Gas 

Nuclear 

Total 

1940 


469 

624 

116 


1206 

1961 

. . 

676 

1098 

163 

• • 

1836 

1956 

. . 

1061 

1696 

228 

• « 

2886 

1960.01 

, * 

1917 

2436 

300 

. . 

4663 

1966-66 


4124 

4417 

480 

. , 

mi 

1970-71 


6383 

7508 

398 

420* 

14709 


*DAB reTOrts capicity fiolusive of auxiliary consuinP' 
tion as 400 MW. 

9.12. This table indicates that during the Plan 
periods upto 1965-66 the rate of growth of hydel 
power generating capacity has been higher than 
that of other modes. From then on, the additions 
to thermal capacity have been more than the 
addi-tions to hydel capacity. 

9.13. The percentage share of different modes 
of power generation in the total power system is 
given in Table 9i8. 
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Table 9.8 

Percentage share of different categories of instal- 
_ power capacity 


Year 

Hydel 

Thermal 
(includ¬ 
ing Die¬ 
sel & Gas) 

Nuclear 

Total 

1940 

38-8 

61-2 


100 

1951 

31-3 

68-7 


100 

1966 

36-8 

63-2 


100 

1960-61 

41-2 

68-8 


100 

1966-66 

48-7 

64-3 


100 

1070-71 

43-4 

63-7 

2-9 

100 


9.14. The Statewise break-up of different modes 
of power generation would indicate that in many 
States which are away from coalfields the power 
system consisted mainly of hydel stations supple¬ 
mented with a few isolated thermal stations. Over 
the years, content of thermal generation has in¬ 
creased in these systems also. Statewise installed 
capacity for generation for selected years given 
in Table 9.9. illustrates the trend. 


Table 9.9 

Installed capacity in different States — Category- wise {MW) 


Name of the State or Union 
Territory 


1960-61 



1966-66 



1970-71 


Hydel 

Steam 

Diesel 
& Gas 

Hydel 

Steam 

Diesel 
& Gas 

Hydel 

Steam 

Diesel 
& Gas 

Andhra Pradesh 

166-2 

83-6 

20-2 

152-9 

113-6 

32-1 

267-9 

320-0 

20-2 

Assam .• tm- 

0-3 


10-2 

45-9 

** 

113-6 

66-7 

.. 

113-0 

Bihar 

44-.0 

288-6 

18-4 

44-0 

608-8 

19-5 

lO-O 

472-8 

16-3 

Gujarat .. .. 

- 

280-9 

62-4 

•* 

609-6 

41-0 

•• 

619-0 

77-2 

Haryana 

•• 

6-3 

4-3 

246-7 

28-1 

6-3 

408-6 , 

90-6 

4-8 

Himachal Pradesh 

•• 

-• 

•• 

-• 

•• 

-- 

49-0 

•• 

1-7 

J. & K. 

10-6 

1-5 

0-9 

28-1 

1-6 

1-5 

26-9 

7-6 

5-9 

Kerala 

132-6 

•• 

4-S 

192-5 

-• 

4-6 

646-6 

-. 

1-6 

Madhya Pradesh .. 

69-0 

169-8 

28-7 

48-0 

233-4 

26-1 

143-6 

682-0 

1-6 

Maharashtra .. 

281-9 

443-3 

34-4 

698-9 

863-3 

62-4 

844-3 

1,471-0 

14-1 

Mysore 

178-2 

-• 

12-9 

432-0 

1-1 

22-6 

877-6 

-• 

0-6 

Nt^aland .. 

-• 

-• 

•• 

-- 

-- 

0-7 

-- 

•• 

20 

Orissa 

123-0 

5-8 

7-6 

304-4 

6-8 

4-8 

304-4 

268-3 

1-6 

Punjab 

324-7 

1-6 

9-6 

417-4 

6-0 

10-3 

660-7 

ly-o 

4-5 

Rajasthan 

-■ 

46-3 

24-4 

166-3 

48-6 

41-8 

326-8 

169-2‘ 

44-6 

Tamil Nadu .. 

416-6 

101-6 

0-6 

906-6 

401-6 

6-0 

1,114-0 

851-6 


West Bengal (Incl. DBG) 

67-2 

677-0 

9-6 

67-6 

1,211-2 

13-6 

129-6 

2,128-9 

16-2 

Delhi (U.T.) .. .. 


63-6 

22-7 

•• 

91-6 

20-8 


231-0 

20-8 

Uttar Pradesh .. 

92-6 

270-8 

34-2 

477-8 

398-2 

64-6 

606-3 

709-8 

36-0 


Notb : 1. In the year 1970-71 Maharashtra includes 420 MW of nuclear capacity against steam. 

2. The installed capacities of jointly owned projects have been taken according to the share of participating States. 
Sourte : C.W.P.C. General Review—1971-72. 


9.15. The relative growth of installed capacity 
of hydel and thermal power generation in the 
different regions indicates that the Northern and 
the Southern regions are more dependent on hy¬ 
del power whereas the eastern and the western 


regions rely more on thermal power. The region- 
wise installed capacity of power generation and 
the energy generated from hydel and thermal 
power stations in different years are given in 
Table 9.10. 
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Table 9.10 

Regionwise growth of installed capacity and energy generated from hydel and thermal power 

stations 


Year 


Capacity in 

MW 

Generation in million KWH 

_^ 

r 

Hydel 

Thermal 

Total 

Hydel 

Thermal 

Total 




ALL-INDIA 



1960.61 

659 

1,004 

1,712 

2,360 

2,779 

5,'858 

1900-61 

1,911 

2,436 

4,663 

8,738 

8,732 

16,987 

1966-66 

4,124 

4,561 

9,027 

17,441 

32,990 

32,990 

1970-71 

6,383 

7,667 

14,709 

26,206 

28,864 

66,604 




NORTHERN 

REGION 



1960-61 

62 

66 

147 

188 

180 

411 

1960-61 

336 

108 

607 

1,022 

348 

1,432 

1966-66 

847 

186, 

1,104 

3,497 

636 

4,084 

1970-71 

1,472 

513 

2,078 

6,124 

1,822 

6,981 




SOUTHERN 

REGION 



1960-51 

238 

98 

362 

1,266 

320 

1,600 

1960-61 

.891 

186 

1,176 

4,168 

662 

4,749 

1966-66 

1,684 

646 

2,266 

6,499 

2,742 

8,261 

1970-71 

2,806 

1,192 

400 

11,436 

4,030 

16,466 




WESTERN REGION 



1960-61 

263 

201 

620 

1,229 

663 

1,987 

1960-61 

361 

984 

1,362 

1,388 

3,474 

6,016 

1966-66 

664 

1,602 

2,266 

3,236 

6,681 

9,061 

1970-71 

987 

2,307 

3,763 

6,003 

8,633 

18,064 




EASTERN 

REGION 



1960-61 

3 

861 

698 

6 

1,318 

1,346 

1960-61 

234 

972 

1,241 

788 

3,669 

4,407 

1966-66 

416 

1,826 

2,279 

1,426 

6,960 

8,426 

1970-71 

.. 

•• 

•• 

•• 

•• 

•• 



NORTH-EASTERN RBOION 



1960-61 

0-6 


3-4 

2 

2 

9 

1960-61 

9-3 


10-2 

21 

.. 

36 

1966-66 

46-0 

81-6 

32-1 

68 

16 

96 

1970-71 

66-7 

81-6 

38-0 

168 

194 

3,377 
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Power generation and installed capacity 

9.16. The data of installed capacity and power 
generated from each mode have been examined 
with a view to determine the possible levels of 
supply from the different modes of power gene¬ 
ration in future, the possible improvements in 
operational efficiencies so as to arrive at some 
broad conclusions regarding the total installed 
capacity that would be necessary to adequately 
supply the projected electricity demands at diffe¬ 
rent points of time in future. The Committee 
adopted the procedure of estimating the future 
capacity needs of the power industry from the 
forecast of energy requirements. The methods 
adopted for forecasting the consumption require¬ 
ments of energy have been described in Chapter 
III. The consumption requirements of electricity 
have been converted into generation requirements 
by adding' the extra power required for auxiliary 
consumption and to provide transmission losses. 
The power generation requirements are convert¬ 
ed to capacity requirements by studying the past 
relationship between generation and installed 
capacity. 

Auxiliary consomptioa 

9.17. A power generating station requires po¬ 
wer for consumption in the station itself which is 
referred to as auxiliary consumption. This is nor¬ 
mally around 8 per cent in thermal stations and 
a little less than 1 per cent in hydel stations. On 
the basis of the mix of hydel and thermal, in the 
different periods, assumed in our forecasts in 
Chapter III, the auxiliary consumption require¬ 
ments have been estimated to be as 6.2 per cent 
of the total generation during the Fifth Plan 
period and about 5.6 per cent in the subsequent 
periods. 


9.18, In. a power system, the difference in the 
units despatched from the generating station and 
the units sold to the consumers is referred to as 
the energy losses in the system. This loss consists 
of two components (i) the energy dissipated of 
the system due to the inherent characteristics of 
the equipment and conductors used for transmit 
ting and distributing power (i.c.. loss due to tech¬ 
nical reasons) and (ii) commercial losses or un¬ 
accountable losses due to pilferage, inaccurate 
meter readings and computations etc. We shall 
refer to the former as electricity “Dissipation” 
and the latter as electricity “Losses”. The magni¬ 
tude of the “Dissipation” depends largely on the 
area served by the system, the pattern of loading 
of transmission lines, types of loads and the plan¬ 
ning and designing of the generation and trans¬ 
mission system. The “Losses” depend on the effi¬ 
ciency of administration of the power system. 

9.19. A comparison of energy dissipation and 
losses (total losses) in power system in India with 
other countries indicates that the total energy 


losses in India are high as compared to other 
industrially advanced countries. 

Table 9.11 shows the percentage of transmis¬ 
sion and distribution energy losses during the year 
1967 and 1968 in the power systems of certain 
European countries and India. 

Table 9.11 


Percentage of total transmission and distribution 
losses in various countries during 1967 and 
1968. 


Serial 

No. 

Country 


Total Transmission 
& Distribution 
Energy Losses 
(Percent) 

'l967 

1968 

1 

Austria .. 



9-6 

9-9 

2 

Czeohoslovakia 



7-8 

8-1 

3 

Finland 

• » 

♦ • 

8-3 

7-7 

4 

France .. 

a * 

* t 

7-6 

7-4 

6 

Hungary 

• » 

a a 

9-3 

10-3 

6 

Ireland .. 

• » 

• a 

11-2 

10-6 

7 

Italy .. 

* • 

« a 

10-1 

91 

8 

Norway ,. 

• • 

» * 

10'4 

10-2 

0 

Poland .. 

• • 

• • 

8-7 

8-6 

10 

Sweden .. 

• • 

a . 

12-1 

126 

11 

Switzerland 

a a 


8-2 

8-1 

12 

West Germany 

» • 

a 

6-9 

6-7 

13 

Yugoalavia 

a a 

a 

11-9 

111 

14 

India .. 

• » 

a a 

16-0 

16-7 


The percentage of total losses varies from 5.7 per 
cent in West Germany to 12.5 per cent in Sweden. 
As compared to this the total losses in India dur¬ 
ing the years 1967-68 and 1968-69 were 15.04 
and 16.7 per cent respectively. In 1970-71 the 
total losses were estimated to be 17.3 per cent in 
India. 

9.20. If the total losses in India were main¬ 
tained in 1970-71 at the level of 1967 (i.e. 15 per 
cent) the savings in energy would have been 
nearly 1.500 million kWh and the savings in cost 
of power generation nearly Rs. 9 crores annually. 
The reduction in total energy losses would have 
reduced the required installed capacity for power 
generation, fuel consumption etc. Based on the 
figures of 1970-71, there could have been a saving 
of about Rs. 60 crores in the investment costs, if 
the level of total power losses had been main¬ 
tained at 15 per cent. 

9.21. It is noteworthy that several countries 
which had experienced large total losses in their 
power distribution and transmission system have 
taken successful measures to reduce the extent 
of losses. For example, the percentage of ‘total 
losses’ in Japan was 30 per cent in 1945, but the 
figure has now been reduced to 11 per cent by 
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constant efforts. Another example is Taiwan mainly due to unauthorised tapping of energy and 

where losses have been reduced from 21.7 per these could be reduced by stricter administrative 

cent to 13.6 per cent in 1960*. measures. 


9.22. It is to be recognised that a major portion 
of the total losses is “Dissipation” arising out of 
technical reasons and the reduction in such dissi¬ 
pation can be effected only by a proper planning 
of the power system. In India the total loss varies 
widely from State to State. Table 9.12 represents 
the total losses (dissipation and losses) as percent¬ 
age of energy available for transmission in each 
State of India for the years 1961-62, 1965-66 and 
1970-71. It would be seen that the States of 
Andhra Pradesh, Bihar, Haryana, Jammu and 
Kashmir, Nagaland, Punjab, Tamil Nadu and 
Uttar Pradesh have particularly higher percentage 
of total power losses. 

Table 9.12 


Losses in transmission, transformation, distribu¬ 
tion and energy unaccounted for expressed as 
percentage of energy available for transmission 


State 

1961-62 

1965-66 

1970-71 

1. Andhra Pradesh .. 

.. 26-36 

24-71 

24-77 

2. Assam 

.. 18-24 

23-61 

17-87 

3. Bihar 

.. 23-49 

n-56 

23-68 

4. Gujarat .. .. 

.. 10-44J 

11-51 

16-69 

5. Jammu & Kashmir 

.. 16-46 

. . . 

21-49 

6. Haryana .. 

« s . s 

. . 

27-89 

7. Kerala .. .. 

.. 16-81 

20-06 

12-17 

8. Madhya Pradesh .. 

.. 11-83 

11-76 

14-35 

9. Maharashtra 

9-96 

12-00 

13-10 

10. Mysore 

.. 13-83 

16-34 

14-28 

11. Nagaland 

. . . . 

15-88 

20-34 

12. Orissa 

.. 16-32 

14-60 

6-48 

13. Punjab .. 

.. 13-68 

14-69 

36-46 

14. Rajasthan 

.. 19-43 

20-06 

11-91 

15. Tamil Nadu 

.. 19-28 

17-62 

17-21 

16. Uttar Preidesh 

.. 16-34 

18-60 

23-63 

17. West Bengal 

9-65 

8-60 

8-30 

ALL INDIA 

.. 14-44 

14-02 

17-30 


SouBOB : General Reviews CW & PC 


9.24. In order to red.uce the percentage of total 
losses an in-depth study was conducted by the 
Power Economy Committee and certain measures 
for reducing the total Losses as outlined above, 
were recommended. This Committee would like 
to endorse these recommendations and suggest 
that systematic study of the causes of transmis¬ 
sion losses in different regions and States should 
be undertaken and remedial measures taken to 
completely eliminate the losses due to adminis¬ 
trative reasons and reduce the “Dissipation” to 
the level that is technologically determined. 

9.25. In our projections of power generation 
we have assumed that the total power losses 

vould be reduced to 13.8 per cent by 1978-79 
and to 13.4 per cent by 1983-84 and thereafter. 
Considering that in the first half of the Sixties, 
the power losses were only 14 per cent to 14.5 
per cent, this assumption regar^ng the losses 
during the Fifth Five Year Plan' appears very 
reasonable. In the period after 1978-79, if there 
are large number of pithead generating stations, 
energy “Dissipation” at the transmission stage 
may increase but improved and rationalised dis¬ 
tribution system that may be set up will help in 
reducing the “Dissipation” at the distribution 
levelc “Losses” can be brought down by better ad¬ 
ministration of the power system. The Commit¬ 
tee has, therefore, assumed that the total power 
loss could be brought down to 13.4 per cent by 
1983-84. 

Electricity generatioii capacify 

9.26. The primary purpose of forecasting elec¬ 
tricity demand is to initiate action for setting up 
the required additional capacity for generating 
electricity to meet the expected incremental de¬ 
mand. There is. therefore, need to have reliable 
procedures for converting the demand forecast 
of electric energy into the required power genera¬ 
tion capacity. If the structure of load at the diffe¬ 
rent centres of demand at different points of time 
in future is known it would be possible to work 
out the required capacity and the mix of different 
modes of generation simultaneously. In the ab¬ 
sence of reliable forecast of load at different cen- 


9.23. The reasons for high dissipation of ener¬ 
gy are mainly due to inadequacy of transmission 
and distribution lines, large proportion of agri¬ 
cultural loads, supplying power to areas located 
far from the generating sources, low power fac¬ 
tor, etc. This “Dissipation” of energy can be con¬ 
trolled through certain measures such as careful 
scheduling of the reactive generation, integrated 
operation of various power systems, provision of 
adequate quantity of transmission lines and selec¬ 
tion of right designs for transmission and distri 
bution lines. “Losses” (unaccounted for) are 


tres, the required generation capacity is usually 
determined on the basis of the past relationship 
between energy demand and installed capacity. 


9.27. The normal procedure is to first estimate 
the peak load demand consistent with the energy 
requirements by applying estimated load factors. 
The load factor represents the amount of energy 
in kWh required per kW of peak load and it is 
usually expressed as a percentage of the total 
number of hours in a year i.e. 8760. 


%Load Factor = 


Energy Requir emente (kWh) 
Peak Load (kW) x 8760 


X 100 


ECAFB U.N. Publication No. 62 II FB 
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Load factor would depend on a number of fac¬ 
tors like the mix of different consumer catego¬ 
ries served by the power system and also the 
habits and conventions of the people, weather 
conditions, etc. While some of these factors are 
beyond the control of the power authorities, some 
adjustments in the load factor could be effected 
by a rational system of regulating power supply 
and pricing of power (See Chapter XI). A load 
factor of 60 per cent for the total system has been 
achieved in India in most years (See Table 9.13). 
The decline in the load factor from 1968-69 on¬ 
wards is a disturbing trend. It is true that the 
sharp increases in the share of supplies effected 
to agricultural loads and rural area demands 
would tend to increased variations in the demand 
during different hours of the day and various 
seasons of the year and thus affect the system 
load factor. On the other hand, better inter¬ 
connection of generating systems in each State and 
inter-connection of different State-grids should 
lead to a great level of coordination in the opera¬ 
tion of different power systems and increase the 
system load factor. Effects of these two develop¬ 
ments should at least off set each other and main¬ 
tain the system load factor at 60 per cent. Energy 
Survey Committee (1965) had suggested that the 
load factor should 60 per cent in the Seventies 
and a little higher in later years. Taking all the 
facts into account, the Committee has assumed 
that the load factor in India would be 60 per cent 
upto 1978-79 and 65 per cent thereafter. Peak 
load at different points of time have to be cal¬ 
culated on this basis. 

9.28. The power system should have adequate 
installed capacity to serve the anticipated peak 
load. The ratio of peak load to peak capability 
is referred to as the Demand Factor. 

Peak Load (KW) 

Demand Factor=-— 

Peak Capability (kW) 

In India the demand factor for the entire power 
system has •varied from 75 per cent to 85 per cent 
in the past as set out in Table 9.13*. Energy Sur¬ 
vey Committee (1965) had suggested that the de¬ 
mand factor should be 80 per cent. In other 
words, the poss margin (of installed capacity) 
over the peak load should be 25 jjer cent of the 
peak load. The gross margin in a power system 
should be of sufficient magnitude to provide for 
scheduled maintenance, emergency outages and 
system operating requirements. The gross margin 
obviously would depend upon the size of the sys¬ 
tem, the hydro-thermal mix of generating plants 
in the system, the size of the largest set in the 
system, forced outages of different generating 
sets, the characteristics of the load which is sup¬ 
plied from the system, the extent of coordination 
available with other power systems and the ex¬ 


pected reliability postulated for the system. A 
proper determination of the gross margin require¬ 
ments would involve a detailed system study of 
each power system in the country. So far no such 
studies have been madef. But, past experience 
shows that under different conditions, the gross 
margin of 25 per cent over the peak has been 
achieved and such margin enabled the system to 
service the demand without significant load shed¬ 
ding. We. therefore, assume that upto the end of 
the Fifth Plan, the demand factor would be 0.8. 

9.29. In later years, the inter-connection bet¬ 
ween the system would tend to increase the de¬ 
mand factor; but the introduction of larger unit 
size plants in relation to total system capacity 
would tend to decrease the demand factor. It has. 
therefore, been assumed that the demand factor 
may continue to be 0.8 right upto 1990-91. The 
plant factor which is defined as the multiple of 
load and demand factors would be around 48 per 
cent during the Fifth Plan period. As a result of 
the increase in the load factor to around 65 per 
cent in the subsequent periods, it is assumed that 
the plant factor would be 51 per cent in the years 
beyond 1978-79. This is in agreement with the 
suggestions made by the Energy Survey Com¬ 
mittee in 1965| that the plant factor should be 
around 48 per cent during the Fourth Plan period 
(upto 1970-71) and 51 per cent beyond that 
period. 

9.30. These assumptions also appear to be very 
reasonable as seen from the past data. 

Table 9.13 

Load factor, demand factor and plant factor of 
the power system in India 


Year 


Load 

factor 

Demand 

factor 

Plant 

factor 

1966-66 


0-656 

0-766 

0-496 

1960-61 


0-684 

0-854 

0-499 

1966-68 


0-672 

0-742 

0-499 

1970-71 

, , 

0-637 

0-828 

0-527 

1973-74 (likely) 

•• 

0-696 

0-902 

0-637 

9.31. The installed capacity 

of power 

genera- 


tion may not be the same as system peak capabi¬ 
lity; installed capacity represents the total of the 
name plate rating of the units set up at different 
points of time in the past. Their capacity rating 
would diminish over time. The power capacity 
of hydel stations vary with the seasons due to 
changes in storage level and seasonal flows. The 
full power capability of the hydel stations may 
not occur at the time when the annual peak load 
occurs. This leads to the maximum system cap¬ 
ability being less than their ‘Norms’ or name 


♦In the Years 1972-7,3 •lo 1973-74, tin demanl factor IIS'S increased but these years also witnessed widespread and frequent 
load sheddings and as such should not be considered as a basia for forecasting the deman'l facoor in future years. 

f The oommittse attempted to organise studios in this regard which had to abardord for want of data, 
tReport of the Energy Survey Committee, page 174. 
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plate rating. The Power Survey Committee which 
does the annual forecasting of power determines 
the power capability of each of the power sta¬ 
tions and sums up the total as system peak capr 
ability. This has been varying from 85 per cent 
to 93 per cent of the installed capacity in the 
different regions. With rapid increase in the ther¬ 
mal capacity, the system peak capability as a 
percentage of installed capacity should increase. 
Considering all the factors, a 90 per cent of the 
installed capacity can be assumed as system peak 
capability during the Fifth Plan period; aft^ the 
Fifth Plan this percentage will increase as a large 
number of old thermal sets would be retired by 
the end of the Fifth Plan and as hydel power 
stations would be designed to meet specific load 
patterns. It has, therefore, been assumed that in 
the period beyond 1978-79, 95 per cent of the 
installed capacity would represent peak capabili- 


9.33. In the above table somewhat higher esti¬ 
mates of installed capacity for the yedrs I978-7S( 
and 1983-84 have been assumed. This is because 
the efficiency in operation etc. would be grg^dueiUy 
achieved over a period of time. However, it is 
necessary to take effective measures to improve 
the plant factor in the Indian power system at 
least from the Sixth Plan period and thereafter. 
Such improvements have a significant effect on 
the investment requirements for the power sector 
and consequently ont the cost of power to con¬ 
sumers. With an improvement of 1 per cent in 
the plant factor in the Fifth Plan, there could be 
a saving of Rs. 163 crores. It appears possible 
to improve the plant factor beyond 51 per cent 
also, if proper measures are taken; the minimum 
performance expected in 1983-84 and 1990-91 
should be 51 per cent plant factor. The Commit¬ 
tee would strongly recommend that rational mea- 


9.32. The installed capacity requirements for 
different years in future to meet the energy re¬ 
quirements corresponding to the Case II estimates 
projected in Chapter III of this Report have been 
computed in Table 9.14, 

Table 9.14 

Installed capacity requirements for power genera^ 
tion in 1978-79. 1983-84 and 1990-91 



year 

Forecast 

of 

Energy 

Consump¬ 

tion 

(bkWh) 

Forecast 

of 

Energy 
Require¬ 
ment* 
(b kWh) 

Installed 

capacity 

needed 

(millkn 

kW) 

1978-79 


100-3 

116-4 

33-0 

1983-84 


167-7 

193-6 

.53-0 

1990-91 


320-4 

370-7 

87-3 


swes should be initiated in planning and operat¬ 
ing the power systems so as to ensure gradual 
improvement in the plant factor. 

9.34. It is also possible to improve the load 
factor by influencing changes-in the structures of 
load that faces a power system. If the difference 
between the peak load demand and the off-peak 
load demand is reduced, the load factor of the 
power system would improve. In several coun¬ 
tries. this reduction in the difference between the 
peak load and the off-peak demand is being 
achieved by offering differential rates to consu* 
mers with reference to the time at which they 
consume power. In countrifes. >like France and 
U.K. efforts to develop off-peak load by supplying 
power at reduced price (usually on mar^nal 
pricing) during off-peak hours have yielded good 
dividends. In U.K. the electricity supply authori¬ 
ties devote greater attention to load development 
measures. 

9.35. The Committee recommends that during 
the Fifth Plan period efforts should be made to 
develop a more optimal load structure-. 


♦At the bus-bar, i.e., oonauraption plus line losses. 

N’otbs 

(1) On the basis of the calculations for O’48 plant factor 
and 90 per cent availability the installed capacity required in 
the year 1978-79 would be 30'7 million kW. However, as there 
is a large spillover of works from the Fourth Plan and due 
to bunching of new projects the capacity coming on stream 
into the final year of the Fifth Plan is very large. But as 
many of them would be operative cnly in the second half of 
the final year, only half of the benefits have been counted 
towards the Fifth Plan and hence the increased provision of 
installed capacity. 

(2) For the year 1983-84, on the basis of 0 ■ 495 plant 
factory and 92 per cent availability the installed capacity 
should be 48 S million kW, This is, however, being assumed 
as 53-0 million kW for reasons which are similar as in the 
case of 1978.79. 

(3) The figure of installed capacity has been arrived at 
87.3 million kW on the basis of 0’.51 plant factor and 9.^ per 
cent availability. 


1. by setting up more pumped storage 
schemes wherever such schemes would 
improve the system capability at mini¬ 
mum cost. 

2. by inderitifying industries which are in¬ 
tensive users of electricity and are also 
capable of organizing their production 
schedule in such a way that their peak 
demand would occur during the system 
off-peak period and by giving to such 
units adequate incentive through spe¬ 
cially designed tariff to encourage them 
to reorganise their production; 

3. by general pricing of the industrial tariff 
and agriculture tariff to provide incen¬ 
tive for use of more electricity during 
off-peak hours. 
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9.36. lo the Chapter in ‘Cost and Prices’ cer¬ 
tain aspects ot a rational pricing policy in the 
power sector have been discussed. 

Growlb of peak load 

9.37. On the basis of our projections, the con¬ 
necting peak load that can be reliably serviced 
by the power system in India at different points 
of time are as follows: 

1978-79 22.1. million kW 

1983-84 35.7 million kW 

1990-91 66,4 million kW 

The likely peak load in the year 1973-74 is esti¬ 
mated to be 13.66 million kW. This will provide 
for an average annual growth rate of 10.20 per 
cent in the Fifth Plan, 10.10 per cent in the Sixth 
Plan and 9.30 per cent in the subsequent periods. 
It is worthwhile to note that the average rate of 
peak load growth in the past i.e., from 1960-61 
to 1965-66 and from 1965-66 to 1970-71 has been 
11.1 per cent and 11.8 per cent respectively. 

Seketion of the mode of generation 

9.38. Electricity could be generated using coal 
or lignite as fuel in the thermal stations or by uti¬ 
lizing the hydro electric power potential or b/ 
using fissile material in the nuclear plant. Each 
of these modes of generation has certain charac¬ 
teristics in terms of their capability to supply 
power energy, they also have widely varying in¬ 
vestment and operating costs. The thermal plants 
have a high investment cost as well as a high 
operating cost but they are capable of giving a 
steady stream of power for long periods at a 
stretch. They are ideal for use as base load power 
stations. The hydel plants have high investment 
vosts but very low operating costs. They can be 
switched on and off at short intervals but the 
total energy potential would depend on the hydro- 
logical environment. Hydel stations (the reservoir 
type stations) are best used as peaking stations 
to meet the power demand during the peak hours 
of the day. The run of the river hydel stations 
have very low operating costs and sometime very 
low investment costs, but large variations in the 
seasonal flow of water in the river lead to the 
energy contribution varying with the season. The 
nuclear plants have a very high investment cost 
and useful only as base load stations as they are 
economical only when operated at a load factor 
of over 75 per cent. The selection of the mix of 
thermal, hydel and nuclear stations that could be 
set up to adequately meet a given structure of 
demand for electricity could be done rationally 
only by investment planning exercises using pro¬ 
gramming models. There are no oflicially spon¬ 
sored studies so far for any region or any State 
based on such investment planning exercises. 
The Fuel Policy Committee attempted some exer¬ 
cises but were unable to complete the work for 
want of reliable data of the characteristics of the 


hydel stations and the structural and spatial dis¬ 
position of power demand. 

9.39. Even in the‘absence of such studies, it is 
possible to make a comparative evaluation of the 
choice to be made between hydel and thermal sta¬ 
tions in the circumstances in India today. Data 
on the relative costs of hydel and thermal stations 
are discussed in Chapter XI, It is clear that as 
of today, hydel stations are more economical 
than any other source of electricity at low load 
factors. Supplying the peak load involves the 
generating stations operating at low load factors 
of even 30 per cent and below. In such condi¬ 
tions, hydel power is the best way of meeting 
the demand. The fact that hydro resources con¬ 
stitute the cheapest source of electricity produc¬ 
tion under present, conditions has been empha¬ 
sised by several Technical Committees. The Ener¬ 
gy Survey Committee in their Report in 1965 had 
concluded “that storage hydel is the cheapest 
method of generating electricity in the conditions 
for which it is most suited, so long as most 
favourable sites can be discovered”(J and recom¬ 
mended that “it seems clear that India will be 
well advised to explore hydel resources wherever 
there are suitable sites available”. The Power 
Economy Committee (1971) have brought out 
succinctly the loss in our economy by not follow¬ 
ing the admittedly more economic path of lowest 
cost development and observed “our aim is to 
create the maximum amount of generating capa¬ 
city with the funds available and to generate 
power at as cheap a rate as possible. To achieve 
these objectives, it is recommended that during 
the Fifth and Sixth Plans the level of new gene¬ 
rating capacity to be added should be derived 
from hydro stations, both of the energy intensive 
and peaking categories”. 

9.40. This Committee in the earlier Report on 
the ‘Fuel Policy for the Seventies’ had empha¬ 
sised the need for giving high priority for hydel 
power development even during the Fifth Plan 
consistent with the need to supply adequate ^wer 
to meet the demand in this period. The Com¬ 
mittee is concerned that the target dates for com¬ 
pletion of hydel stations under construction as 
indicated in 1972 are now reported to have re¬ 
ceded due to a number of reasons. The Commit¬ 
tee would urge that during the Fifth Plan, a very 
strong effort should be made to complete as many 
as possible of the hydel stations under construc¬ 
tion. This would improve the power availability 
and reduce the total system cost of power genera¬ 
tion during the Fifth Plan. During the Sixth 
Plan and thereafter if hydel power is not ade¬ 
quately developed, it would become very diffi¬ 
cult to meet the electricity requirements. 

9.41. In Chapter V. the region-wise distribution 
of hydro resources and their classification into 
potential storage projects and potential run-of- 
the-river projects have been dicussed. It is seen 
that except in the eastern region, other regions 


p) Erergy Surv<‘y Comiaittea ■ 132, p^^ra 349, 
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have very large hydro potential which remains 
un-utilised. 

Table 9.15 

Regionwise distribution of hydro electric resour¬ 
ces and utilization by end of Fifth Plan 



Total 

E CBouroes 

Percentage 


Reaouroes 

planned 

of 

Region 

at 60% L.l?. 

to be 

utilization 

(MW) 

utilised by 
1976-79 

by 1968-79 


Southern 

8097 

678 > 

83-77 

Western •• 

7169 

2316 

32-29 

Northern 

10731 

6700 

56-12 

Eaatern 

2694 

1395 

53-78 

North-Eastern 

12464 

392 

3-15 

Total 

41165 

16585 

40-30 


During 1990’s, there is a possibility of greater 
contribution from nuclear sources. Till 1990-91, 
thermal and hydel power stations would contri¬ 
bute the major share of power capacity. Harness¬ 
ing of hydel power should be given priority and 
by 1990-91 at least 70—80 per cent of the total 
known hydel potential in the country should be 
developed. In terms of regions it may mean 
about 50—60 per cent of the potential being used 
in the North-Eastern region and about 80—90 
per cent being used in the other four regions. In 
our calculations of coal requirements, we have 
assumed the contribution of hydel power to total 
power generation to the extent of 35 per cent in 
1983-84 as well as in 1990-91. To maintain the 
share of hydel power at about 33 per cent of 
total power generation in 1990-91 as compared 
to 43 per cent in 1973-74, about 70—80 per cent 
of the total hydel potential will have to be har¬ 
nessed. 

9.42. The Committee would strongly urge that 
a detailed investigation of the specific projects 
which could he set up to utilise the hydro-electric 
resources should be drawn up within the next 
two years and the scheduling of different hydro 
projects should he determined with reference to 
the cost of the projects, the characteristics of the 
projects and their locations. On this basis, a de¬ 
tailed hydro-electric power development program¬ 
me should he drawn up for the future upto 1990- 
91 or even 2000 A.D, 

Nuclear power generation 

9.43. The capacity of nuclear generation to be 
set up in the country would depend on the long¬ 
term nuclear technological development pro¬ 
gramme which, in turn, would depend on a num¬ 
ber of factors like availability of nucler fissile 
materials, the advance in nuclear technology and 
the strategy adopted by the country by nuclear 
advancement. These are dealt with in a separate 
section in this Chapter. Briefly, based on the con¬ 
clusions of the studies discussed therein and thq 


assessment of the pace of construction based on 
current experience of nuclear power projects it 
was felt the capacity of the nUclear power stations 
could be as follows: 

1978-79 1020 MW 

1983-84 1900 MW 

1990-91 4600 MW 

The Department of Atomic Energy (DAE) has 
confirmed that their programme for power project 
construction would agree with our estimates upto 
1983-84; but by 1990-91, the DAE have estimated 
that 8620 MW of nuclear power capacity would 
be established. This amount to nearly 1000 MW 
of nuclear capacity being added every year from 
1983-84. The Committee would like to endorse 
the view of DAE that nuclear power capacity, if 
possible, should be increased to the maximum ex¬ 
tent possible by 1990-91. It is too early to make a 
positive assertion on the possible level of nuclear 
power in 1990-91 and, therefore, it would recom¬ 
mend that a review of nuclear programme should 
be made by 1978-79 in the light of the pace of 
construction of nuclear power stations in the 
Fifth Plan period, the preparedness of the DAE 
in re.spect of design for 500 MW nuclear power 
plants and the progress made by them towards 
the commercialisation of the Fast Breeder tech¬ 
nology. (See section on Nuclear Power in this 
Chapter covering the nuclear power programme). 

9.44. The capacity requirements in different 
areas and the contribution from different sources 
of different modes of power generation have 
been calculated and given in the Table below. In 
these calcuntions, all hydel and thermal stations 
have also been calculated on roughly 60 per cent 
load factor. In reality, the.relative share of instal¬ 
led capacity between hydel and thermal will vary, 
usually hydel stations being higher and thermal 
station.s being lower as the load factor of opera¬ 
tion of the hydel stations would be much less 
than 60 per cent whereas that of thermal stations 
higher than 60 per cent. It will not be possible 
at this stage to work out the actual capacities of 
the hydel stations till the investigations and pro¬ 
ject reports for hydro-electric projects are com¬ 
pleted. 

Table 9.16 

Installed capactiy categorywise for power genera¬ 
tion (1978-79. 1983-84 and 1990-91) 


Year/Modeo'’ 1978-79 1983-84 1990-91 

Generation 


Hydel ,. 13-00 20-00 28-40 
Niiclear .. .. 1-02 1-90 8-62 
Thermal .. .. 19-56 31-10 60-30 

Total .. 3.3-67 63-00 87-32 


Noth: Thermal Stations include coal and lignite baaed pow 
atat ions. 
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CiMice of' of gnmating units 

9.45. It is clear from the demand forecast of 
electricity that the requirement of electricity will 
increase so fast that the power supply in the 
country has to undergo big modernization and 
change. In the place of small power generating 
units of 30 MW and 60 MW there will be need 
for including very large size of generating units. 

The factors which favour the adoption of 
large generating units are; 

—^The lower capital cost and lower operating 
cost due to higher eflBciencies in heat 
utilization; 

—Reduction in the number of construction 
and maintenance crews; a^ category of 
skills which are in short supply in the 
country. 

The factors which discourage the large units 
are— 

— Increased forced outage rate due to high 
pressure and high temperature at which 
large size units function; 

— Increase in transmission system cost. 

9.46. Selection of appropriate generating size 
should, therefore, be done taking into account 
not only the economics of skills of the individual 
power station level, but also with due regard to 
system stability considerations. The economics 
in investment and operating costs due to increase 
in size are admitted by all, though there arc di¬ 
vergent views regarding the measurement of the 
economics. 

9.47; In the current situation in India, the cost 
for difiterent sizes of thermal plants are given at 
Table 9.17. 

Table 9.17 

* Table showing investment and operating costs 
of thermal plants of different sizes 

100 200 600 

MW MW MW 


Coit per kW installed Rs. .. 1,800 1,600 1,300 

Operation and maintenance char¬ 
ges per kW installed Rs. .. 31-60 26-26 22-76 

* Bas-^d cn 1970 data, the relative costs may still remain 
the same. 

The selection of size of plant for a thermal 
station has also a significant effect in the quantity 
of fuel that would be required for power genera¬ 
tion as the large size plant consumes lesser coal 
per kWh of power to be generated. Assuming a 
calorific value of coal as the fuel requirement per 
kWh for different sizes of plant are summarised 
in Table 9.18. 

Table 9.18 

Fuel requirement for different sizes of plant 


100 200 500 

MW MW MW 


Coal requirement per kWh (of 
energy generated) (kg) .. 0-60 0-63 0-50 


It is interesting to note that there could be a 
saving to the tune of about Rs. 60 lakhs per an¬ 
num on account of cost of fuel only if two sets 
of 500 MW each were adopted instead of 5 sets 
of 200 MW each for a 1000 MW thermal power 
station operating at 60 per cent plant factor (as¬ 
suming a coal price of Rs. 40.00 per tonne). How¬ 
ever, the selection of plant cannot be made purely 
with reference to the economics available at the 
plant level. 

A wide range of factors have to be taken into 
account as follows: — 

1— The present size of power system. 

2— The energy sources, i.e.,-hydro, thermal 
or nuclear plant, in the system. 

3— The level of reliability expected from the 
system. 

4— The transmission grid in operation. 

5— The pattenr of growth of power and 
energy demands. 

6— The forced outages of the generating 
plants of different sizes. 

7— The gestation lags in commissioning 
plants of different sizes. 

8— The comparative investment in operating 
and maintenance of plants of different 
sizes. 

9— The manufacturing capacity of the elec¬ 
tric supply industry. 

10— The possibility of transporting the 
equipment of specific sizes and weights 
to the different parts of the country. 

11— The additional transmission investment. 

All these factors could be taken note of only by 
elaborate system studies. The Committee would 
recommend that immediately such studies should 
be undertaken to determine the optimal plant 
size for different regions of the country. 

9.48. In the absence of studies, the Committee 
tried to determine the unit sizes that could be 
introduced in the power system in India by get¬ 
ting opinion from people who are closely asso¬ 
ciated with planning and operation of power 
systems. It is generally felt that 500 MW stations 
could be introduced only after the regional pids 
are in full operation by proper integration of the 
power generation systems of various States m 
each region. As the construction of the required 
transmission lines and evolution of operational 
techniques are yet to be completed, the introduc¬ 
tion of 500 MW sets will be possible only in the 
eighties but Fifth Plan period, the design 

capability should be developed and operational 
norms for a 500 MW set should be studied by 
setting up an R&D plant of 500 MW capacity. 
The Committee agrees with this recommenda¬ 
tion, 
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Choice of location of power plants 

9.49. In addition to the choice of type of power 
stations, the location of the power stations is also 
very important. Considering the requirements of 
power in the near future, the size of thermal 
power stations will have to be necessarily rela¬ 
tively big, of the order of 1000 MW each. Stations 
of this magnitude will need about 3-4 million ton¬ 
nes of coal per annum. Movement of such large 
quantities of coal in the context of the difficulties 
we are experiencing even now for the movement 
of comparatively small quantities of coal to 
power stations from the pit-heads would pose 
formidable operational problems including that of 
heavy investment on the railway system. More¬ 
over, since the available reserves of good quality 
coal are severely limited, power generation will 
necessarily have to be based on inferior quality 
coal with relatively high ash content ind low 
calorific value. The ash content of oar coals and 
of the middlings that may have to be used may 
be of the order of 35 -40 per cent. This would 
mean additional load on the rail transport. Seve¬ 
ral studies have been carried out to investigate 
the relative economics of power generation at 
load centres vis-a-vis at pitheads. These invesli-. 
gations show that for a 1000 MW plant, even 
when it is assumed that the railway operations 
would improve si^ificantly and that the move¬ 
ment of coal to the load centres will be carried 
out on unit train basis, the pithead generation 
and transmission of power to load centres is still 
slightly more economical than to transportation of 
coal to power plants at load centres. Furthermore, 
location of povver stations of this dimension at 
load centres which may be densely populated will 
expose a large number of people to pollution. 
The Committee, therefore, feels that in the overall 
interest of the economy and environmental con¬ 
siderations. more and more of such power stations 
should be located at pit-heads. Depending on the 
local conditions, however, construction of power 
stations at load centres can be considered on 
merits as a special case. 

Transmission and load despatching stations 

9.50. In any power generation and distribution 
organization, the maximum economies are attain¬ 
ed only by the proper designing of the power 
system and by the integrated operation of the 
system as a whole. As power requirements of 
each consumer of power vary at each moment of 
time, the integrated operation enables the diverse 
needs to be met at the lowest cost. Proper con¬ 
nection of different generating systems and the 
geiierating stations with load centres through a 
rationally designed transmission system capable 
of meeting the transmission requirements fully is 
as important as having adequate generating capa¬ 
city. The recent trippings in the transmission sys¬ 
tems at different places in the country have 
brought out the urgency for more attention to be 
paid to transmission system. 


9.51. The investments in transmission in ihd 
country appear to be inadequate to ensure pro¬ 
per distribution of power and rational operation 
of the generating system. Even in the early years 
of the Fifth Plan when there will be some localis¬ 
ed shortages of power, there will be power sta¬ 
tions which cannot be operated at full load due 
to lack of transmission facilities. 

9.52. There are enormous advantages in ra¬ 
tionally designing a transmission system keeping 
in view the demand over time at different points 
of consumption. In other countries, extra hi^ 
voltage transmission already in operation and 
bulk transfer of power through D.C. transmission 
lines is also being practised. In our country, the 
first 400 kv line will come into operation in Uttar 
Pradesh in the year 1975-76. There is need for 
greater attention being paid to transmission plan¬ 
ning and operation of transmission lines. 

9.53. The great advantages of the large electri¬ 
city system could be fully reaped only S there is 
an integrated operation of all the generating sta¬ 
tions. At the moment, the State Electricity 
Boards are the owners of the generating stations 
and the generation optimization is being done 
strictly with reference to the stations within the 
control of each Electricity Board. Some measures 
towards regional operation have been introduced 
in the Southern Zone with the setting up of the 
Load Despatch Centre, under the auspices of the 
Soutliern Regional Electricity Board. The Gov¬ 
ernment have accepted, in principle, the scheme 
of inte^ating tiic operations of the Electricity 
Board in each region. Load despatch stations 
have been proposed in each region and the hard¬ 
ware required for the same are being procured. 
But important questions relating to integrated 
operation like the conditions under which inter¬ 
state power flows could be charged on a conti¬ 
nuous basis and the procedures for sharing short¬ 
ages etc., have still to be worked out. 

9.54. The Committee would very strongly urge 
that the schemes for setting up of regional grids 
and regional load despatch centres should be 
vigorously pursued; simultaneously procedures 
for the integrated planning and operation of po¬ 
wer systems based on system studies should be 
introduced. 

Rural Electrification 

9.55. Electrification of a village not only adds 
to the productive capacities of the farmers but 
also brings with it social, civil and domestic 
amenities and has a salutary psychological 
effect on the rural people who start having a feel 
of the modern age. Its availability stimulates the 
growth and expansion of agro-based small and 
mpdium scale rural crafts and industriei like 
pottery, weaving, wood work, rice, flour and oil 
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mills, could storages and packing industries etc. 
It also helps to substitute kerosene oil which is 
used for illumination, by electricity. But fhe pri¬ 
mary justification of rural electrification is to 
help the production efforts in the agricultural 
sector, 

9.56. Presently, out of the total geographical 
area of 327 million hectares about 158 hectares 
of land is under cultivation. But the output is 
low due to inadequate availability of irrigation 
facilities. The erratic character of Indian mon¬ 
soon very seriously affects agricultural production 
and creates large uncertainties regarding India’s 
economic growth. Provision of regular and suffi¬ 
cient supply of water is therefore important. Em¬ 
pirical evidence suggests that the periodic uncer¬ 
tainties that beset surface irrigation sources do 
not affect the ground water sources in the same 
intensity. It is here that rural electrification can 
play an important role by increasing the number 
of tubewells/pump sets in the country. Table 
9,19 gives the conclusions of the Irrigation Com¬ 
mission (1972) regarding the ground water re¬ 
sources available in different State of the country 
and the extent to which these have been utilized. 
It is estimated that the txent of the ground water 
resources now utilised will be only about 40 per 
cent. 

9.57. The Table also reveals that the ground 
water potential yet to be utilised is fairly large in 
almost all the States. The analysis of towns elec- 


Table 9.19 

Ground Water Resources 


Net Annual Net Area 

ground draft ground irriga- 
State water by the water ted** 

rcchar- end of recharge by 
ge* 1967- availa- ground 

68* ab'e for water 

future at 
ground present 
water (m, 
develop acres) 
ment*. 


1. Andhra Pradesh 

17-2 

3-57 

13-6 

1-4 

2. Assam Region (inch 

16-7 

00 3 

10-7 

_ 

Nagaland,NEF.4 esc) 

3. Bihar 

21-9 

2-35 

19-5 

1-2 

4. Delhi 

0-3 




5. Gujarat .. 

10-2 

4-13 

6-i 


Haryana .. 

3-5 

0-75 

2-7 


7. Himachal Pradesh 

0-9 

n.a. 



8. J & K .. 

4:0 

0-001 

4-03 

0-03 

9. Kerala 

5-4 

0-004 

5-4 

0-016 

10. Madhya Pradesh .. 

26-7 

4-22 

22-6 

1-00 

11. Tamil Nadu and 

Pondicherry 

11-5 

3-47 

8-00 

2-30 

12- Maharashtra 

126 

3-41 

9-2 

2-00 

13. Mysore .. 

10-0 

1-03 

9-0 

0-75 

14. Punjab .. 

6-9 

3-3 

3-6 

3-6 

15. Orissa .. 

IG'O 

0-15 

15-8 

0-20 

16. Rajasthan 

3'4 

2-07 

1-4 

3-00 

17. Uttar Pradesh 

35-6 

17-92 

17-6 

9-00 

18. West Bengal 

16'1 

0-36 

15-7 

0-10 

Total 

218-8 

46-738 

170-83 

24-496 


*In million acre feet. 


♦♦Distribution on the proportional rate of the total irriga¬ 
ted area. 

n.a. Not available 

(Soujsoe; Report of the Irrigation Commission, 1972) 

trifled show that by 1971, 2688 out of 2699 tuwns 
had been electrified. The villages electrified are 
given in the Table 9.20. 


Table 9.20 

Villages Electrified in India 


Population Number elootrifie ' as on 

ran'ie Total - 


(1961 census) 



,31.3.51 

31.3.61 

31.3.68 

31.3.69 

31.3.70 

Upto 499 


3,61,663 

622 

3,986 

10,266 

19,934 

26,222 

600 to 999 .. 


1,19,086 

611 

4,306 

9,787 

17,226 

21,775 

1000 to 1909 


65,377 

843 

5,918 

11,567 

18,128 

22,801 

2000 to 4999 


26,666 

825 

6.458 

9,441 

12,913 

15,948 

6000 to 9999 

... 

3,421 

197 

1,319 

1,963 

2,397 

2,638 

10000 and above 


776 

134 

660 

647 

682 

693 

Total 


6,66,878 

3,132 

21,547 

43,670 

71,280 

89,780 


Notes : 

1. The data for electrified villages of Punjab and partly of D.P. is based on 1951 census. 

2. The data of electrified villages for Tamil Nadu upto 31-3-61 only is based on 1951 Census and therefore population-wise 
break-up for all periods upto 31-3-61' 

3. The populationwise break-up of eln jtrifie I villages and other figures have been estimated wherever actual figures 
are not Bvailabfe. 
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Among the villages the rate of progress of electri- 
fiption in respect of the more populous villages is 
higher than the rate of progress among the smal¬ 
ler villages. The reasons for such a development 
are fairly obvious— 

(i) the implementation of a faster rate of 
rural electrification requires huge capi¬ 
tal investment which is not readily 
available. 

(ii) the smaller villages are flung apart and 
long transmission lines have to be pro¬ 
vided for small loads thereby making 
the continuance of power supply to meet 
pch loads relatively un-remuncrative 
in the financ al terms i.e., the revenue 
often do s not cover the interest and de¬ 
preciation of distribution lines and 
transformers apart from the cost of 
generation; 

(iii) the power required is sometimes seaso¬ 
nal and only for a few hours which tells 
upon the overall load factor of the gene¬ 
rating stations; and 

(iv) the large expenditure on operation and 
maintenance. 

As long as the priorities for electrification of 
villages are determined with reference to finan¬ 
cial returns, the pace of electrification of the 
smaller villages will be slow. Certain studies* 
show that the social benefits of rural electrifica¬ 
tion are much larger than strictly the financial 
benefits to the Electricity Board. Procedures 
should, therefore, be found for a proper evalua¬ 
tion of the relative social benefit cost of electri¬ 
fying different areas with reference to the ground 
water potential, the possibility of increasing pro¬ 
duction in that area, the other non-agriciiltural 
production that might be triggered off in the area 
etc. The correct approach to rural electrification 
should be through the formulation of an integ¬ 
rated rural development programme for cluster 
of villages in which the supply of electricity 
would be one of the inputs that could be arrang¬ 
ed by the Government, 


load has been fast deteriorating in the last few 
years as seen from Table 9.21. 


Table 9.21 

Energy Consumption in Agricultural Sector 
(Pump Sets) 


No. of Total Energy Consump Consum- 

Year sots in conneo- consutnp- tion ption 
opera- ted tion per in kWh 
tion load (m.kWh) pumpset per 

(MW) (kWh) kW of 

connec¬ 
ted 
load 


I9d6.67 

.. 649182 

2601 

2107 

3245 

842 

1967,88 

.. 847367 

3176 

2585 

3060 

814 

1968-69 

.. 1088774 

4155 

3466 

3189 

834 

1969-70 

.. 1342006 

5106 

3770 

2809 

738 

1970-71 

.. 1642006 

6254 

4110 

2503 

657 


This dififlculty could be solved by reducing the 
costs or by increasing the tariff for agricultural 
loads or by doing both. The Energy Survey Com¬ 
mittee and the Power Economy Committee had 
suggested several measures for reducing the costs 
like standardization of designs and equipment, 
construction practices etc. The Naional Develop¬ 
ment Council in 1965 had recommended that 
schemes to meet power demand for a group of 
villages having clusters of pump sets should be 
drafted with a view to reducing the investment 
costs in rural areas. This Committee also feels 
that there is scope for designing the rural agricul¬ 
tural load supply system in such a way as to en¬ 
able the utilisation of a given connected load for 
larger number of hours. The Committee would 
also recommend a proper pricing of the power 
supplied to the agricultural loads so as to en¬ 
courage the consumers to use the optimal size of 
pumpsets and for drawing supplies during the 
system off-peak hours. 

Fuel requirements 


9.58. If the selection of villages is done on a 
more rational basis, the problem of bridging the 
gap between social and private costs will still 
remain. The Electricity Boards are greatly con¬ 
cerned with supply of electricity at relatively 
high cost to rural areas as compared to industrial 
loads and the relatively low returns which they 
get. The main problem in supplying rural loack 
IS that the consumption in kWh per kW of con¬ 
nected load is very low. It is also distributing that 
this energy consumption per unit of connected 


9.59. As has been described earlier the thermal 
power stations would be playing an increasingly 
predominent role in power generation in the 
country in view of limited hydel potential avail¬ 
able and due to large variations in the seasonal 
flow of water in the rivers. On the basis of the 
projected requirements of installed capacity the 
contribution of coal based thermal stations only 
would be around 19.55 million kW in 1978-79 
1983-84 and 50.59 million 
kW by 1990-91. Consistent with this respective 
generation requirements from thermal stations 


*Study condu'it by the NOAEB and soma of studies by rural Eleotrifioatioo Corporation 




88 


would be 69,121 and 231.5 billion kWh. But. this 
would depend upon the efficient use of generating 
capacity and the thermal efficiency at which the 
power stations operate. 

In order to cut down the cost of fuel and also 
to conserve the natural resources of coal, as far 
as possible, it is very important to ensure that the 
thermal power stations operate at an efficiency 
level as high as possible. It has been observed 
that the number of thermal power stations operat¬ 
ing at lower thermal efficiencies has progressively 
reduced while the number of those operating at 
slightly higher efficiencies has gone up. This shift 
could mostly be attributed to the advancement 
in I technology and the installation of plants with 
modem design and higher capacity having better 
efficiency level in the recent past. 

At present the manufacturing capacity inHhis 
country of a thermal unit is limited to 200/250 
MW which is further expected to rise in the com¬ 
ing years. In other advanced countries units of 
500. MW or even 1000 MW size are in operation. 
Keeping this in view, in our study we have as¬ 
sumed that most of the new power stations pro¬ 
posed to be set up till the Sixth Plan end i.e., 
upto 1983-84 would have units of size 200/250 
MW and thereafter upto 1990-91 the new units 
instklled would be of 500 MW each. 

To generate electricity from coal based thermal 
power stations, availability of fuel becomes one 
of the most important factors, The estimates of 
< 5 oal requirements by thermal stations could be 
worked out by segregating the use of plant de¬ 
pending upon its size as consumption rates greatly 
vary among different power stations according to 
both the type of boilers, pressure and temperature 
maintained and of course the quality of coal 
Used. However, due to lack of availability of 
necessary data it has been assumed in our study 
that the thermal power station in operation at 
present would continue to consume the same 
quantity of coal upto 1990-91 as much they are 
consuming to-day. The new capacity to be added 
would consist of bigger units with better thermal 
efficiencies and the coal consumption rate would 
consequently go down. Keeping this in view and 
based on the Case-II estimates projected in Chap¬ 
ter III of this Report the coal requirements (in¬ 
cluding middlings for the years 1978-79, 1983-84 
•and 1^0-91 have been worked out as 53, 80 and 
144 million tonnes respectively, as set out in 
Table 9.22. (For details refer Appendix Table 
III-l of Chapter III of this Report). Since the 
bulk of the coal consumed in thermal power sta¬ 
tions is of inferior quality having low calorific 
value and high ash content, necessary margins 
have been provided to the actual requirements on 
this account. Further, in order to ensure that the 
coal requirements are fully met in 1978-7^, the 
coal demand calculations are based on contnou- 
tion of thermal power stations to energy genera¬ 
tion as 79 billion kWh instead of the actual con¬ 
tribution of 69 billion kWh. 


Captive power generation 

In all the above calculations, it has been as¬ 
sumed that the total power requirements would 
be met through the public utility system only. In 
view of the prevailing shortages of power and at 
limes due to interruptions in the continuity of 
power supply, there is a tendency to have cap¬ 
tive power plants. These captive power plants 
being of smaller capacity would entail higher 
costs of installation besides working on low effi¬ 
ciency rate as the kWh per kW utilization per 
annum would be low in a large number of indus¬ 
tries. This Committee feels that in the overall 
national interest and in order to achieve the 
power target through the limited resources avail¬ 
able, setting up of such captive plants should not 
be encouraged except in cases where process 
steam requirements have to be met and in the 
process saving incidental power generation is 
possible. Efforts should be made to increase the 
capacity of the power utility system to meet all 
the demands with high reliability. 

Nuclear power programme 

9.60. In the first stage of India’s nuclear power 
programme, power stations based on thermal re¬ 
actors have been planned. These reactors can 
either be light water reactors (like Tarapur Ato¬ 
mic Power Station) or heavy water reactor (as 
has been put up at Rana Pratap Sagar). The 
light water reactor uses enriched uranium as fuel 
whereas heavy water reactor uses natural uranium 
as fuel. Both these reactors produce plutonium 
as a by-product. The second stage of our nuclear 
power programme is based on Fast Breeder Reac¬ 
tor (FBR) which would enable us to fully utilize 
the uranium resources as well as exploit our vast 
thorium reserves. A FBR uses either plutonium 
or U-233 (both are fissile materials) as fuel. In 
addition either depleted uranium or thorium is 
put into it. A FBR produce, in addition to power, 
more plutonium (if depleted uranium has been 
used) or U-233 (if thorium is used) than what has 
been consumed. It is necessary for us to have 
sufficiently large capacity of thermal reactors 
which would produce large quantities of pluto¬ 
nium before we could go in for the breeder reac¬ 
tors. The breeder reactor system is a self-sustain¬ 
ing system as it produces more fuel than is con¬ 
sumed. 

Current Status of nuclear programme 

9.61. At the movement total nuclear installed 
capacity in operation in the country is 600 MW. 
This includes 400 MW Tarapur Atomic Power 
Station and 200 MW Unit I of the Rajasthan Ato¬ 
mic Power Station. In addition, 200 .MW Unit 
II of Rajasthan Atomic Power Station and 2 X 200 
MW Madras Atomic Power Station are under 
construction. Work has also started on the fourth 
Atomic Power Station (2x200 MW) at Narora. 
The following table gives the expected dates of 
completion of the various projects on which work 
has commenced. 
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Power Station 


Capacity 

Expected 
date of 
completion 

arapur atomic 
Station 

Power 

2x200 

MW 

Operating 

2. Rajasthan Atomic 
Station Unit I 

Power 

200 MW 

Operating 

i. Rijasthan Atomic 
Station Unit II 

Power 

200 MW 

During Plan 

4. Madras Atomic 
Station Unit I .. 

Power 

220 MW 

jOuring Plan 

6. Madras Atomic 
Station Unit II 

PowerJ 

220 MW 

End of 1979 

6. Narora Atomic 
Station Unit I .. 

Power 

220 MW 

1982 

7. Naroara Atomic 
Station Unit II 

Power 

220 MW 

1983 


Long-term perspective 

9.62. The Department of Atomic Energy has 
formulated the long-term strategy for develop¬ 
ment of nuclear energy taking into account the 
conditions prevailing in the country. This can be 
summarised as follows: 

(a) Installation of 1680 MW capacity (upto 
Narora II) by early 1983. 

(b) To start work on one more 2x220 MW 
power station by early 1977 and comple¬ 
tion of its first and second units in 1983 
and 1984 respectively. 

(c) To take up construction of 500 MW 
Heavy water reactor unit in 1979 and to 
have 9 Heavy water power reactors of 
500 MW each in operation by 1990-91. 

(d) To start construction of first commercial 
Fast Breeder Power Reactor of 500 
MW by 1978 such that it can be in 
operation by 1986. 

(e) To add 3 more 500 MW Fast Breeder 
Reactors to the system by 1990-91. 

In short, this strategy would yield the following 
nuclear capacities: 

Installed Nuclear Capacity 
By 1978-79 1,020 MW 

By 1983-84 1,900 MW 

By 1990-91 8,620 MW 

9.63. Apart from the necessity of getting the 

projects sanctioned and executed in time, the reali¬ 
sation of the nuclear power programme depends 
on the adequate and timely mobilisation of re¬ 
sources and effort in specific related areas. One 
of the important requirements is that the urani¬ 
um production should be significantly increased. 
At present uranium production is being done only 
at the Jaduguda mines. Production from this mine 
will be able to meet the requirements of the envi¬ 
saged nuclear power programme only upto the 


year 1984. Hence, in order to achieve the target 
of 8,620 MW from the thermal reactor power 
stations by the year 1990-91, uranium mining 
from other uranium deposits will have to be 
taken up. At the sable time exploration work to 
locate additional uranium deposits would also be 
essential to meet the long term requirements of 
the nuclear power programme. 

9.64. The realisation of the projected nuclear 
power programme will also depend upon the indi¬ 
genous industrial back up that could be built 
up during the next few years. Timely avail¬ 
ability ot special types of steel, alloy steel cast¬ 
ings and forgings and other materials such as 
Argon gas for welding would be essential. The 
Indian manufacturers will also have to develop 
their capabilities to produce many of the sophisti¬ 
cated and heavy components as well as special 
pumps and instruments required for the nuclear 
power programme. 

9.65. Adherence to time schedule by equipment 
manufacturers and delivery of the components in 
time is an essential requirement in order to 
achieve the projected targets of installed nuclear 
capacity. Many of the components for the nu- 
ckar power stations are heavy and over dimen¬ 
sioned. Transportation of such pieces of equip¬ 
ment will require considerable improvements to 
some of the national higfiways. Improvement of 
road transportation would be even more impor¬ 
tant for the transportation of equipments for 500 
MW units. Integration of the electricity grids 
would also be important before 500 MW units 
could be added to the network. 

9.66. While formulating the long term strategy 
for the development of nuclear power, the vari¬ 
ous implications of the different possible strategies 
have been considered. The heavy water moderat¬ 
ed CANDU type reactor has been selected for 
the first stage of the nuclear power programme 
in India. The plutonium produced in these ther¬ 
mal reactors will be used to install fast breeder 
reactors which will utilise the vast thorium re¬ 
sources in India in addition to the uranium that 
would be discharged from the thermal reactors. 

9.67. As the presently known uranium resources 
available in India are not very large, the total 
installed nuclear capacity from uranium burner 
reactors cannot be more than about 10,000 MW. 
Consequently, it has been found that developing 
more than one type of thermal reactor is unattrac- 
tiye. From the considerations of the maximum 
utilization of the available uranium, the potential 
for the highest level of indigenisalion, the cap¬ 
ability for the maximum production of plutonium 
and thereby support a reasonably rapid growth 
of installed capacity from fast reactors by and 
beyond the last decade of this century, and from 
the consideration of the economics of power 
generation, the CANDU type reactor has been 



found to be the best suited among all the uranium 
burner reactors, under the conditions prevailing 
in India. 

9.68. Considering the uranium availability and 
the industrial capability, the Committee has felt 
that it will be prudent to aim at adding about 
4720 MW from CANDU reactors by 1990-91 in 
addition to the nuclear power stations that are 
under operation or construction now. In addition 
to this, the CANDU power programme will gene¬ 
rate adequate plutonium to install about 2,000 
MW from fast breeder reactors by 1990-91, there¬ 
by making the total installed nuclear capacity by 
1990-91 to be about 8,620 MW. 


9.69. In the absence of reliable data to detef- 
mine the optimal level of nuclear power genera¬ 
tion capacity that is to be established between 
1983-84 and 1990-91, the Committee has felt 
that it would be prudent to assume a construc¬ 
tive estimate of 4000 MW. This is essentially a 
risk minimisation approach, as this assumption 
would lead to greater preparedness in the coal 
production and thermal generation. The Com¬ 
mittee would recommend that if possible, the nu¬ 
clear capacity should be increased in the years 
beyond 1983-84. This should be based on a re¬ 
appraisal of the nuclear power programme on the 
lines suggested above. 



CHAPTER X 


POLICY FOR ENERGY SUPPLY TO DOMESTIC SECTOR 


Fuel consumed 

10.1. The greater part of the Indian population 
lives in villages and functions, to some extent, 
outside the monetised economy. The energy con¬ 
sumption of this section of the population is es¬ 
sentially for household lighting and cooking; the 
fuels consumed by them are mostly the non-com¬ 
mercial fuels viz., firewood, cowdung and vege¬ 
table waste. The richer sections of the rural popu¬ 
lation, however, consume kerosene, soft coke or 
even electricity, besides non-commercial fuels. The 
urban population mostly use kerosene or soft 
coke for cooking and kerosene and electricity and 
small quantities of kerosene for lighting. The 
domestic sector as a whole consumes all forms of 
fuel namely, vegetable waste, cowdung. firewood, 
soft coke, coal, kerosene, L.P.G. and electricity. 

Data 

10.2. There have been very few systematic 
studies of the pattern and trend of consumption 
of fuels in the domestic sector. The Energy Sur¬ 
vey Committee of India relied on the sample sur¬ 
veys conducted in 1958 by the National Council 
of Applied Economic Research (N.C.A.E.R.) 
covering the cities of Bombay, Calcutta and Delhi 
and a sample survey of rural households all over 
India in 1962. The National Sample Survey, 
Eighteenth Round, conducted between February 
1963 and January 1964 covering over 4000 urban 
and over 21.000 rural households also estimated 
the consumption of fuels in households in quanti¬ 
tative as well as financial terms. 

The studies revealed the pre-ponderance of non¬ 
commercial energy sources in domestic energy 
consumption. The NCAER studies estimated that 
about 90 per cent of the total domestic consump¬ 
tion of energy in rural areas and about 75 per 
cent in the urban areas was in the form on non¬ 
commercial fuels. The corresponding figures of 
the National Sample Survey (Eighteenth Round) 
were 87 per cent and 61 per cent respectively. 
After 1964, there have been no representative 
field studies of energy consumption in the domes¬ 
tic sector. But it will be reasonable to assume 
that the share of non-commercial energy used in 
the household sector is gradually getting reduced. 

Per capita consumption in the domestic sector 

10.3. The different surveys have yielded diver¬ 
gent results regarding the use per household of 
non-commercial fuels in the domestic sector. 
Such divergence is to be expected in view of the 
seasonal and .regional variatiqns in the quantity 
of fuel consumed as well as the inability in many 
cases of the sample population to quantify the 


fuel consumption accurately. Qn the basis of the 
earlier NCAER reports,' the Energy Survey Com¬ 
mittee computed the following per capita con¬ 
sumption of energy in the domestic sector: — 

Table 10.1 

Per Capita Consumption of Fuel 


(In coal replacement tonnef) 



IIS.^.64 1959'60 

1961.62 

1962-63 

Big Cities 

0-38 

0-40 

0-40 

0-41 

Other Towns 

0-37 

0'38 

0-39 

0-39 

Bural Areas 

0-36 

0-37 

0-37 

0-38 


10.4. The Energy Survey Committee assumed a 
slowly increasing rate of cohsuinptipn over time 
to take into account the income elasticity of de¬ 
mand for fuel consumption in the domestic sec¬ 
tor. The Energy Survey Committee estimates show 
a lower trend of energy consumption in rural 
areas relative to urban areas. The National Sam¬ 
ple Survey (Eighteenth Round) gave a somewhat 
different result. According to it the per capita 
consumption in rural areas was higher than in 
urban areas (0.34 tonnes as against 0.29 tonnes 
per annum in coal replacement terms). This result 
may be explained by the widely varying pattern 
of fuel consumption in the urban and rural sec¬ 
tors and the inaccuracies in the coal replacement 
measurements of the non-commercial fuels used 
in rual areas! It can also be argued that the rural 
population who gather fuels free of cost may be 
using them in wasteful ways as compared to the 
urban population who have to pay for their fuels. 
The latest systematic survey of energy con¬ 
sumption in Bombay by the NCAER has esti¬ 
mated per capita fuel consumption in the domes¬ 
tic sector as 0.44 tonne per annum in coal re¬ 
placement terms. 

In view of the fact that Bombay has a high 
per capita income and its urban character, it is 
to be expected that the per capita fuel consump¬ 
tion in Bombay would be somewhat higher than 
test of the country; R is, however, noteworthy 
that quantitatively, per capita consumption in 
Bombay in 1972 is only 10 per cent higher than 
the per capita consumption assumed for other 
urban areas in the Energy Survey Committee 
Report for 1962-63. The Committee considered 
the possibility of estimating the income elasticity 
of domestic fuel consumption. It is felt that in 
view of lack of reliable data such an exercise 
would not give any meaningful results. The avail¬ 
able data* regarding the trends of urbanisation 
in future are in terms of all the urban areas taken 
together and there are no estimates for the growth 
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of population in the metropolitan centres of Cal¬ 
cutta, Bombay and Delhi. It would therefore be 
difficult to project the demand for metropolitan 
cities separately. The Committee felt that the na¬ 
ture of the basic issues of meeting the fuel de¬ 
mand in the domestic sector would not change 
by the refinements that could be introduced in 
the estimation of the total requirements of fuel 
for the domestic sector. The Committee, there¬ 
fore, assumed an average of 0.40 tonne per 
head of fuel consumption in urban areas and 
0.38 tonnes in rural areas in coal replacement 
terms and that this, per capita levels of con¬ 
sumption would continue unchanged till 1991. 

Fuel conaunqftion tzends in the past in the do¬ 
mestic sector 

10.5. As indicated in Chapter II, the consump¬ 
tion of fuels in the domestic sector has been 
calculated on the basis of the size of the rural 
and urban population in each year and the per 
capita norm m consumption. Deducting from 
the annual total consumption of fuel, the com- 
mercinl rlUel consumption in the domestic sector 
(fpr which fairly reliable data are available), 
the lev^s of usage of non-commercial fuels as 
so far observed have been derived. The ratio 
of firewood, cowdung, and vegetable waste was 
estimated in the Energy Survey Committee Re- 
pprt to be 65 per cent, 15 per cent and 20 per 
cent respectively of the total non-commercial 
fuel cemsumption in 1962-63. These relative 
shares have been adopted in this Report for the 
period upto 1970-71. Based on this, the trends 
of energy consumption in the domestic .sector 
both commercial and non-commercial in the de¬ 
cade of the Sixties, are as set out in Tables 10.2 
and 10.3. 

Table 10.2 

Consumption of Commercial Energy in Domestic 
Sector 

(In Meter) 


Table 10.3 

Consumption of non-Commercial Energy in the 
Domestic Sector 

(In meter) 


Year 

Total 

Non¬ 

commer¬ 

cial 

Energy 

Firewood 

Cowdung Vegotabli 
waste 

1960-61 

147-67 

95-99 

22-16 

29-63 

1961-62 

149-64 

97-27 

22-44 

29-93 

1962-63 

161-38 

98-40 

22-70 

30.28 

1963-64 

156-22 

101-64 

23-43 

31-26 

1964-65 

168-12 

102-78 

23-72 

31-62 

1965-66 

163-43 

106-23 

24-61 

32-69 

1966-67 

166-92 

108-60 

26-04 

33-38 

1967-68 

170-87 

111-07 

25-63 

34-17 

1968-69 

173-24 

112-61 

26-99 

34-64 

1969-70 

176-76 

114-24 

26-37 

36-16 

1970-71 

179-41 

116-62 

26-91 

36-88 


10.6. There is a steady increase in the total 
quantity of energy consumed in the domestic sec¬ 
tor. However, the consumption of commercial 
energy has increased at a more rapid rate than 
the consumption of non-commercial energy. This 
has resulted in the percentage of commercial 
energy in the total energy consumption changing- 
in the domestic sector significantly as indicated in 
Table 10.4. 

Table 10.4 

Percentage share of Commercial and non-Com- 
mercial Energy consumed in the domestic sector 


Fuel 

1953-64 

1960-61 

1966-66 

1970-71 

Commercial .. 

7-4 

12-4 

13-9- 

16-5 

Non-eommer- 

oial 

92-6 

87-6 

86-1 

83-5 

Total 

100-0 

100-0 

100-0 

100-0 


Year 

Coal 

Oil 

Prodoote 

Eleotri- 

oity 

Total 

1960-61 

2-80 

16-62 

1-60 

20-83 

1961-62 

2-80 

18-43 

1-70 

22-93 

1962-63' 

3-20 

20-25 

1-92 

26-37 

1963-64 

3-80 

20-26 

2-06 

26-81 

1964-66 

3-40 

21-66 

2-26 

27-31 

1966-66 

4-10 

20-00 

2-36 

26-46 

1966-67 

4-50 

20-'68 

2-63 

27-71 

1967-68 

4-80 

21-89 

2-93 

28-62 

1968-69 

4-30 

23-76 

3-18 

31-24 

1969-70 

4-80 

26-65 

3-49 

33-84 

1970-71 

4-07 

27-68 

3-83 

36-48 


This change in the relative proportions of , com¬ 
mercial and non-commercial energy consumed in 
all the sectors of the economy are set out in Table 
10.5. 

Table 10.5 


Percentage share of commercial and non-commer¬ 
cial energy consumed in all sectors 


Fuel 

1963-64 

1960-61 

1966-66 

1970-71 

Commercial .. 

31-1 

40-6 

47-4 

62-4 

Non-oomraer- 
oial .. 

68-9 

69-4 

62-6 

47-6 

Total 

100-0 

100-0 

100-0 

100-0 
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Forecast of demand 

10.7. While, the total consumption per head of 
fuels in the domestic sector is likely to change 
only marginally over time, the composition of 
fuels used in the domestic sector will undergo a 
significant change in the coming years. The rapid 
electrification of rural areas contemplated in the 
Fifth Plan which is likely to be continued in the 
later Plan periods will increase the availability 
of electricity for lighting in the rural areas. The 
coal production plan also contemplates a big in¬ 
crease in the use of coal in the form of soft coke 
or low temperature carbonised coal for cooking 
in the domestic sector. The increase in the stan¬ 
dard of living wil lead to increases in the use of 
households will use kerosene for cooking. The 
Committee has, therefore, projected the demand 
for commercial fuels in the future years on the 
basis of certain normative considerations. It was 
assumed that by 1990-91, 100 per cent of the 
households in urban areas and about 70 per cent 
in rural areas would be using electricity and 
about 20 per cent of the population kerosene for 
lighting purposes; and that 60 per cent of the 
urban households and 10 per cent of the rural 
household will else kerosene for cooking.The 
rest of the demand was assumed to be met by 
non-commercial fuels. Assuming this for the ter¬ 
minal year of this study, the rate of growth in 
the use of commercial energy in the intermediate 
years 1978-79 and 1983-84 were calculated. The 
ratio of firewood, cowdung and vegetable waste 
were assumed to be the same as in the past; be¬ 
yond 1983-84 even though the total non-com¬ 
mercial energy used gets reduced, vegetable waste 
consumed was assumed to remain at the same 
level as in 1983-84 as even in subsequent years 
the available waste will have to be disposed off. 
The rest of the non-commercial fuel demand was 
distributed between firewood and cowdung cake 
as in 1983-84. On these assumptions the estimates 
of demand for different fuels in the domestic 
sector in 1978-79,1983-84 and 1990-91 are shown 
in Tables 10.6 (in original units) and 10.7 {in 
coal replacement units). 

Table 10.6 

Estimates of fuel demand in the domestic sector 
in 1978-79, 1983-84, 1990-91 

(in original unita) 


Energy Sotjroe 

Units 

1978-79 

1983-84 

1990-91 

1. Soft coke 

mt 

6 

14 

20 

2. Kerosene 

mt 

3*6 

4*6 

6 

3. L.P.G. .. 

mt 

0*4 

0*8 

2 

4. Electricity 

6. Firewood & 

b-kWh 

8 

13 

26 

Charcoal .. 

mt 

132 

131 

122 

6. Dung cake 

7. Vegetable 

mt 

66 

65 

63 

waste 

mt 

46 

46 

46 


Table 10.7 


Estimates of fuel demand in the domestic sector 
in 1978-79, 1983-84 and 1990-91 

(in meter) 


Energy Source 

1978-79 

1983-84 

1990-91 

Soft coke 

9*00 

21*00 

30*00 

Kerosene 

29*06 

37*36 

49*80 

L.P.G. 

3*32 

6*64 

16*60 

Eleotrioity 

8*00 

13*00 

26*00 

Firewood/Charcoal 

126*40 

124*45 

116*90 

Dung cake 

26*00 

26*00 

21*20 

Vegetable waste 

43*70 

43*70 

43*70 

Total 

244*47 

272*14 

302*20 


10.8. On the basis of the projections thus de¬ 
rived, the percentage shares of commercial energy 
and non-commercial energy in the domestic sec¬ 
tor in the coming years will shift in favour of 
commercial energy as indicated in Table 10.8. By 
1990-91. the share of commercial energy in total 
energy used in the domestic sector will increase 
to 40 per cent from less than 20 per cent in 
1970-71. 

Table 10.8 

Percentage share of Commercial Energy and Non¬ 
commercial Energy in the Domestic Sector 


Fuel 1970-71 1978-79 1983-84 1990-91 


Commercial 

energy .. 16*6 20*1 26*1 39*9 

Non-oommer- 

oial energy 83*6 79*9 73*9 60*1 

Total .. 100*0 100*0 100*0 100*0 


It may be noted that these forecasts are based 
on the assumption that the trend in the use of 
different commercial fuels will continue to be 
the same as in the past. If the Government take 
action as indicated earlier for the reduction in 
the use of kerosene in the domestic sector, there 
is likely to be ,a change in the percentage share 
of different fuels in the energy used in the do¬ 
mestic sector. 

Av^febilUy faeb for the domestic sector and 

policy implications 

10.9. In Chapter V, we have summarised the 
likely availability of different fuel forms upto 
1990-91. The limitations on the level to which 
coal production could be increased by 1990-91 
and on the transport of coal/soft coke from 
Bengal-Bihar coal fields to other parts of the 
country, make it unlikely that the availability of 
coal/soft eoke can be increased very much. So, 
for the next 15 years, as indicated here, the re¬ 
quirements of firewood will have to be met. It 
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would appear that iiptb 1978-79 when the de¬ 
mand for firewood will increase; to 132 million 
tonnes, there , will be seyer^ 'shortage unless ac¬ 
tion is taken to augment the availability of fire¬ 
wood. The availability of LPG and kerosene may 
be limited by our ability to buy from the inter¬ 
national market the required quantities of crude 
or kerosene. It is, however, necessary to examine 
in detail the availability of each fuel required in 
the domestic sector. 

Firewood 

, 10.10. The demand for firewood has been in¬ 
creasing slowly at the rate of about 2 to 3 mt/ 
year. As long as large sections of the rural com¬ 
munity live in conditions of poverty, there would 
be a tendency to use fuels which could be ob¬ 
tained free of cost and consequently forests will 
be denuded. From the level of 117 million tonnes 
consumed in 1970-71, the demand is likely to 
increase to 132 million tonnes by 1978-79. This 
level appears to be the highest demand for fire¬ 
wood that would be registered in the country and 
is likely to continue upto 1983-84, beyond which 
the demand should start declining slowly to 
around 122 million tonnes by 1990-91. Hence, in 
the next five years, we must provide for an addi¬ 
tional demand of around 10 million tonnes of 
firewood and to sustain that level of production 
for another five years upto 1983-84. As indicated 
in Chapter V, the total availability from record¬ 
ed fellings in the forests maintained in the public 
sector might go upto 35 million tonnes. The un¬ 
recorded removal of wood from tree land, private 
forests and trees on road sides and private land 
is likely to be around the present level which is 
about 90 million tonnes. Even this level of fell¬ 
ings is against the national interest. Consultations 
with the authorities incharge of forests conserva¬ 
tion have clearly brought out the fact that at 
the .current rate of fellings, forest resources rre 
dwindling steadily as the destruction of forests 
is proceeding at a faster rate than their regene¬ 
ration. It is relevant to note here that in addi¬ 
tion to the demand for domestic fuels in the 
form of firewood whenever there is a shortage of 
coal, small-scale industries, especially the brick¬ 
kiln industries, tend to use firewood. It is diffi¬ 
cult to quantify the extent of such usage. But it 
should be noted that any supply deficits of coal 
for the industries sector will increase the pressure 
of demand for firewood and reduce the avail¬ 
ability of forest fuels to domestic users. A fairly 
generous estimate of the forest fuel resources puis 
the availability of forest fuels in 1978-79 to be 
around 94 million tonnes* as against our esti¬ 
mate of demand of 132 million tonnes (equiva¬ 
lent of 125 mtcr). The solution to this problem 
lies in taking up programmes of afforestation 
especially with wood species which are quick 
growing and are capable of yielding wood for 
fuel purposes. 


10.11. In the past, village panchayats and vil¬ 
lagers used to devote special attention to the 
maintenance of panchayats forests; but in the 
past few decades, this work has been neglected 
and as a result, the village forests have been de¬ 
nuded and fuel shortage is felt even in. rural 
areas in several States. The National Commission 
be a scheme for introducing “social forestry"— 
on Agriculture gave serious consideration to the 
problem of supplying the fuel and fodder needs 
of villages and has suggested* that there should 
i.e.. multi-purpose small forests near village sites 
which would supply the needs of the rural com¬ 
munity for fuels, small timber, fodder, protection 
of agricultural fields and recreational needs. It 
identified certain quick growing species like 
Casurina, Cagery, Babul, Pongamia etc., which 
can be cultivated in small holdings and recom¬ 
mended a pilot .scheme for the development of 
farm forestry in 100 selected districts of the 
country during the Fiftli Five Year Plan. The 
costs of cultivation are estimated to be about 
Rs. 1,000 per hectare. Even if very quick yield¬ 
ing trees like Eucalyptus are planted in the social 
forests, the, yield is likely to be about six tonnes 
per hectare per year on a ten-year cycle. As 
Eucalyptus cannot be planted under all climatic 
conditions, the yield from social forest is likely 
to be considerably lower than six tonnes per 
hectare. If we have to supply a village with 500 
families, we may require as much as. say, 200 
to 250 hectares of land under social forests. Such 
large tracts may not be available except in some 
areas of the country. The social forests can, 
therefor/e, be only a supplement to the other mea¬ 
sures for supplying the fuel needs of the rural 
population. It is also necessary to exploit all 
available land which does not come under forest 
hut may be capable of supporting tree growth 
like tank beds, river and channel bunds to .aug¬ 
ment the supply of fuels. This Committee, there¬ 
fore. recommends that consideration be given for 
the prograrnme of tree plantations on the road 
sides, canal sides and railway .sides (consistent 
with .safety requirements). 

Cowdung 

10.12. On the basis of our estimates of demand 
in future, there seems to be no problem in the 
availability of cowdung. Based on Indian Live¬ 
stock Census estimates, the total outturn of wet 
dung even now is e.stimated to be 170 million 
tonnes of dry dung. The demand for cowdung 
for fuel is about one-third of the availabe dry 
dung in the country. But the major issue here is 
that cowdung has a better social value when 
used as a fertilizer instead of as a fuel. It should, 
however, be emphasised that, as long as large 
sections of the rural community remain poor and 
without the possibility of gainful occupation 
throughout the year, the use of cowdung as, a 
fuel will continue to be practised. A certain 


*POR*EST R'E^OURCES OF INT)T.4— Their fleveloPment and ^utilisation by IM Qiiereahi, Oireotor, ForoBtry, Forestry 
Reaeorch Institute and College, Debra Dun. ' > . . 

♦♦Report on Social Forestry, National Commission on AgriouHure, August, 1973 . 
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amount o£ dung cake will always be used in the 
domestic sector for lighting fires in the hearths 
and for the proper regulation of the flame ob¬ 
tained by burning of wood. 

Gobar Gas plants provide the means of using 
both the heat value in cowdung as well as the 
nutrient value. Gobar Gas plants have popularis¬ 
ed by the Khadi & Village Industries Coinmission 
as a means of improving the village economy by 
using local resources. They consist essentially 
of making a slurry of cowdung and collecting the 
gases produced through fermentation. The gas 
consists mostly of methane leaving behind orga¬ 
nic material with high nutrient value. The Com¬ 
mission has been extending financial assistance 
in the form of loans and grants as well as tech¬ 
nical advice in the construction of these plants. 
About 7.000 such plants have so far been cons¬ 
tructed. A techno-economic appraisal* of the 
plants was made some years back of Gobar Gas 
plant. It shows that, on strict economic analysis, 
gobar gas would be justified for use in all States 
in India, except Assam. J&K. Madhya Pradesh 
and Orissa, which have comparatively better 
forest resources. A Group under the National 
Committee on Science and Technology examined 
the various possibilities for improving the design 
of the Gobar Gas plant, reducing its construction 
cost and improving the performance of the plant, 
especially during the winter months when the 
gas’ production goes down. The Committee has 
made useful suggestions which, if implemented, 
will reduce the cost of the Gobar Gas plants. 
The economic case for the use of Gobar Gas 
plants has been strengthened further by the re¬ 
cent large increase in the international price of 
synthetic nitrogenous fertilizers. Considering the 
current and the possible prices of nitrogenous 
fertilizers and fuels for use in the domestic 
sector, it is reasonable to anticipate that 
Gobar Gas plants are likely to become more 
popular. The Committee appreciates the enormous 
administrative difliculties likely to be encounter¬ 
ed in popularizing the scheme and has, there¬ 
fore. not taken note of any additional contribu¬ 
tion to domestic supply of fuels from Gobar Gas 
plants. It is relevant to note that one Gobar Gas 
plant (household size) will produce fuel equiva¬ 
lent to only about 1.0 to 1.2 tonnes of soft coke. 
Even if a very large number of Gobar Gas plants 
were bulk in the next two decades, the energy 
contribution to the domestic sector will be a very 
small percentage of the total requirements*. But 
the Committee would strongly recommend that 
all efforts should be made to intensify the popu¬ 
larization of the scheme at least in selected areas 
where the pattern of ownership of cattle will help 
in its easy implementation in view of the social 
benefits of the nutrient production, pollution 
abatement ec. possible from these plants. 


Other waste of aDimal and human ori^ 

10.13. Besides cowdung. there are other waste 
materials like human excreta which can also pro¬ 
vide the basis for production of gas for use in 
the domestic sector for heating purposes. There 
is a full scale night soil digestesr in Ernakulam 
capable of meeting the fuel requirements of 
20,000 people. At the village level, there is one 
iii Maharashtra State. But these units are not 
economically viable and there are various taboos 
attached to the use of these materials. The Com¬ 
mittee. therefore, does not foresee any significant 
contribution to the fuel supplyTrom these sources. 

Vegetabk waste 

10.14. Waste material of plant origin has con¬ 
tributed a significant share to the fuel needs of 
the rural community. Bagasse which is now used 
as a fuel is capable of being used as the raw 
material for the manufacture of paper and gives 
a better social return as an industnal raw mate¬ 
rial than as a fuel. Similarly, straw and stovers 
of crops are used as roughages for cattle feeds 
and should, therefore, be used as such instead of 
as fuel. But all other waste material has to be 
disposed of only as fuel. The Committee has, 
therefore, assumed that even when the need for 
non-commercial fuels in the economy goes down, 
the level of usage of vegetable waste upto 1990-91 
will continue to be the same as in 1983-84. 

Soft coke 

10.15. The level of use of soft coke is limited, 
on the one hand, by the emphasis on convenience 
laid by domestic consumers in the urban areas 
and the affluent sections of the rural community 
and, on the other hand, by private cost involved 
in the purchase of soft coke as a^inst vegetable 
waste or cowdung which is obtained practically 
free of cost by the poorei sections of the rural 
community. Any effort at popularizing soft coke 
use will have to depend heavily on the feasibility 
of reducing the price of soft coke at the consu¬ 
mer end. In States like West Bengal, Bihar and 
Uttar Pradesh, which are not very far from the 
area of production of soft coke, it may be possi¬ 
ble to induce people to use soft coke made in 
bhattas without any subsidy provided adequate 
supply of soft coke is assured. But in the last 
five years, soft coke consumption has shown a 
declining trend from the peak level of 3.2 million 
tonnes in 1969-70. This is on account of the low 
priority given for movement of soft coke in the 
railway system and the increasing difficulties ex¬ 
perienced in moving soft coke by rail. The 
bhatta method of production of soft coke calls 
for the use of coking coal, at- least of the lowest 
grades available. But methods are available for 
the conversion of even non-coking coal to somke- 
less domestic heating fuel by using low tempera¬ 
ture carbonization process. Two variations of 


*Nole ; If two million gobar Sss Plants were (jonstruotpd by 1990-91, their output will be Jess than 2 per cent of domeetio 
fuel reC|nireJnentPi, 
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this process have been developed in the CFRI at 
Dhanbad and RRL at Hyderabad. A plant de¬ 
signed to carbonize about 900 tonnes of coal 
which will produce about 550 tonnes of coke per 
day and serve the needs of over 8 lakhs of popu¬ 
lation, or 1.6 lakhs households, would require an 
investment of nearly Rs. 10 crores. The invest- 
pient in coke production to meet the requirements 
of one household will work to nearly Rs. 1,200; 
the coke produced will cost Rs. 250 per tonne 
at the point of production. If the coke could be 
sold at the price, the plant is commercially via¬ 
ble. The economics of the plant improves with 
the extent of by-product recovery; but by-pro¬ 
ducts can be recovered economically only when 
the plant is large, say, about three times the size 
discussed. Such aprocess can be used near coal¬ 
fields and the coke distributed from central pro¬ 
duction points and, even at the high level of prices 
of other fuels prevailing now, the products of 
this,,unit can be sold only in highly urbanized 
centres*. 

CFRI has also developed smaller plants like 
moving bed carbonisers which can be based to 
supply the requirements of smaller towns. But 
these processes require coking coal although of 
an inferior grade. The Committee woud like to 
emphasise the importance of developing cheap 
solid domestic fuels which can be used in small 
towns as well as in rural areas by sections of the 
population who use firewood now. The Commit¬ 
tee yiduld therefore urge that the possibilities of 
setting up plants for the manufacture of solid 
domestic fuel to suit the requirements of different 
sizes of urban centres should be studied further, 
with reference to coal available in the nearby 
Coalfield. The possibility of reducing the cost 
of> soft coke to the consumer by subsidizing the 
transport and trading margins on soft coke or by 
raising the required funds by way off surcharge 
on'the price of kerosene, should be examined. 
This additional taxation on kerosene and the 
subsidy on soft coke will have the effect of 
balancing social benefits and private benefits that 
arise in the use of kerosene which depends on 
imported raw material and of soft coke which 
depends on indigenous raw materials. The Com¬ 
mittee has taken a somewhat cautious view about 
the level of soft coke that may be used in the 
Bcdhomy; but it recommends that all efforts 
should be made to increase the level as high as 
possible. 

Town gas 

10.16. The cost of setting up gas production 
unit and the distribution pipelines from the gas 
works to the hquseholds would call for an invest¬ 
ment of about Rs. 2,000 to Rs. 2.500 per family 
inclusive of the private cost of installing the gas 
meter, gas oven, etc., even in densely populated 


cities. A cost-benefit analysis of supplying coal 
gas as a domestic fuel to substitute kerosene indi¬ 
cates that this is economical only in metropolitan 
areas, especially those where the population den¬ 
sity is very high and where there is an industrial 
demand for gas in addition to domestic demand 
(Please see Chapter VII). 

Kerosene 

10.17. Kerosene has proved to be the most 
popular among the fuels used in the domestic 
sector in view of its convenience of use. Inspite 
of the price prevailing upto 1973, kerosene was 
cheaper than the other fuels ayailable for use in 
the domestic sector. The increase in price in 1974 
has made the price of kerosene somewhat higher 
than the price of an equivalent quantity of other 
commercial fuels like soft coke or charcoal. But 
on account of its greater convenience of usage, 
kerosene will continue to be a popular fuel. The 
demand for kerosene can be controlled only by 
proper distributive arrangements. In our esti¬ 
mates, we have assumed that the trends in the use 
of kerosene will continue to be the same as in 
the past unless controlled by the Government. 
Even on this assumption, the share of kerosene 
in the total oil products used in the economy will 
be only 7.5 per cent in 1978-79, 6.5 per cent in 
1983-84 and 5.3 per cent in 1990-91. The replace¬ 
ment of kerosene by other fuels in the domestic 
sector would depend primarily on the availability 
of other fuels. It is reasonable to assume that in 
big cities like Bombay or Calcutta, only coal gas 
can replace the use of kerosene: while, in the 
rural areas, the sections of the population, who 
would have normally switched over from fire¬ 
wood to koresene, can be persuaded to use soft 
coke, provided its price is lower and its availabi¬ 
lity is better than that of kerosene. 

LPG 

10.18. Liquified petroleum gas is one of the 
light end products in the refinery and its avail¬ 
ability ranges from 1.5 to 2.5 per cent depending 
on the measures used for reducing refinery losses 
and refinery fuel consumption. In our Report, the 
use of LPG has been estimated on the basis of 
its availability from domestic refineries. If, on 
account of the measures recommended in this 
Report, the level of oil used is reduced and the 
refining capacity operating in the country is fdso 
reduced, the availability of LPG will go down 
and to that extent, this need has to be met by 
substitute fuels. 

Electricity 

10.19. The rapid electrification of villages has 
been accepted as a policy by the Government 
with a view to upgrading the quality of life in 
the villages and to make it possible for rural in¬ 
dustries and agriculture to function efficiently. In 


•As mentioned earlier in Chapter VIi, the Committee in its Report on the Rue policy for the Seventies recomended 
the setting up of two LTC plants, ope at Calcutta and one near Hyderabad. The Government have approveit those two 
proposals reoentlyl 
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the estimates of the use of electricity, it is assum¬ 
ed that by 1990-91. 100 per cent of the urban 
areas and 90 per cent of the rural areas would be 
electrified; but the number of households tisiwi 
electricity for lighting in the rural areas has been 
assumed to be 70 per cent, compared with 100 
per cent of the households in the ufbtjut ^as. 
On this basis, the share of electricity usira in the 
domestic sector to the total electricity consumed 
in the economy will be 8,94 per cent in 1978-79, 
9.55 per cent in 1983-84 and 8.22 per cent in 
1990-91. However, the committee would like to 
emphasise the increased social benefits possible if 
rural electrification is undertaken with adequate 
organisational and procedural improvements so 
as to ensure that maximum number of households 
are electrified in each village to which electricity 
is extended. In the absence of such improvements, 
inspite of large investments in rural electrifica¬ 
tion. only a section of the population is benefited. 

Efficiency Improvement 

10.20. Studies by the CFRI have shown that 
the oven and other cooking appliances used in 
the domestic sector using firewood and soft coke 
do not have design characteristics which Would 
optimize the use of fuels. Even small improve¬ 
ments in the design of the domestic cholla will 
increase the efficiency by 10 to 15 per cent. 
Similarly, the work done at the Indian Institute 
of Petroleum has shown that kerosene using ap¬ 
pliances can also be improved in their designs so 
as to increase their efficiency. Considering the 
large .share of energy used in the domestic sector, 
the social gains as well as private gains to be ob¬ 
tained by improving the efficiency of utilisation 
of fuels in the domestic sector would be enorm¬ 
ous. The Committee would therefore recommend 
that nsearch and development should be under¬ 
taken on the optimisation of the design of the 
chulla and other appliances used in the domestic 


sector and also other adtaimstrative action taken 
to ensure that the appliances marketed conform 
to those design requirements. 

Mhlor im^katioM of pdky 

10.21. From the discussion above, it is clear 
that the preseat trend of increasing pressure on 
non-commercial fuels for meeting ffie fuel needs 
of the domestic sector is likely to wane from 
1978:79. The level of utege df non-commercial 
fuels is likely to stay at a plateau for the next 
live years v|)to 1983-84. But this expectation is 
based on the assumption that the commercial 
fuels win be ma^ available in increasing quan- 
tkies es indicated in the forecast. The supply of 
soft coke to the levels antidpated will depend 
not onfy on the setting up oi production facilities 
but also on the provision of transport facilities 
and procedures for transportation Which will en¬ 
able an unintem^;)ted supply of these fuels to 
huadteds of thousands of sup^ points. It is also 
noteworthy that even if the quantities of commer¬ 
cial fuels are available, fhe financial capability 
of the consumers to use these fuels in preference 
to fuels which they may obtain free of private 
cost, is likely to be limited unless relative prices 
are properly regulated and the income redistri¬ 
bution proceeds at a fast pace. The low, income 
level of the rural population is likely to be a con¬ 
strain on the wi^spread use of electricity for 
domestic purposes as contemplated in this Re¬ 
port. The Committee would like to draw attention 
to the fact that the problem of substitution of 
non-commerci(d fuels by commercial fuel in the 
domestic sector has to be considered with due 
regard to the overall economic implicatioru of the 
use of different fuels in this sector and the pricing 
and distribution policies should be based on a 
full understanding of the social cost of the use 
of different fuels. 
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COSTS AM>.PRICES IN ENEROY SECTOR 


Cost to the JCconomy 


Table ll.i 


Various aspects of /Production and utUizaiion 
of different fuels in the ccAfpmy have been con¬ 
sidered wit^i due {: 9 gard (o their co^f of produc¬ 
tion within the country or cost of obtaining them 
from abroad. By thefr vef^ 'natmy. 'Coal; oil'and 
hydcl resources occur in environments wiiich 
differ widely from one aopther, Consequ4dtiy. 
costs of producing fuels and converting thtVn to 
uidable forms vafy widcf|.' 

11.2. Prices at which fuels are ipadf available to 
the consumers are determined by the.^sts of pro¬ 
duction, transport and trade tnargins, scarcity 
values, taxes and s^bsiij^cs,op,.these fuels, 
level of taxes ds usually ^igtted with reference 
to several objetnives like increasinglGovemment 
revenues. ,cncouraging"produclion froni sbiirfes 
which ,wot\(d. otherwise be abandoned or, jcuiain 
untapped, discouraging the use of' fuels which 
are in scarce supply, etc. On' account 6f the in¬ 
teraction of these factors, the change jn the con¬ 
sumer prices of fuels over .time will-.Boittlepend 
solely on the changes in the cost of prbduction 
of the fuels. 


inaex numners of Wholesale Prices (1960-61 to 
1970-71) 

(Bn»c ; 11H)0 01=-J0O) 


Year 


ItPm 


All food 

‘oinmodi- artinlo* 

tiun 


Iniluiilrial 
raw inn- 
U'riala 


Fuel*- 

IHjwcr, 

light. 

anil 

liibriconta 


196<vni 


100-0 

1000 

1961-62 

, 

100 2 

100-2 

1962 6? 


104-0 

106-6 

1963-64 


110 4 

115-6 

1964.66 


122-.”. 

135 6 

1966-86 


131 9 

144-7 

1966-67 


l.”>0 2 

171-3 

;(967-fi8 


167-6 

203 0 

1968-69 


16.'. 7 

197 1 

1989-70 
« 1 


171-9 

197-0 

497^71 


181-5 

201 1 


100-0 

98) 

a.s -0 

93 2 
113 7 
1303 
1J56-4 
1/53 4 
1/54 3 
176-7 

193-3 


100-0 
101 8 
106-1 
120-0 
122-6 
J26-3 
136-9 
144 6 
161-3 
167 9 

164 7 


11.4. A study of the relative movement of 
prices of different fuels during the Si.xties showi 
that thc_ rate of increase in the price of electricity 
has been Iqwer than that of coal. Among oil pro¬ 
ducts, the rate of increase in the price of diesel 
has been lower than that of petrol (motoroas). 
Scc Tabic 11.2 below: - 

Tabu 11.2 


Past trends in energy prices 

11.3. In India, as in many other countries, 
there has always been an urge for public inter¬ 
vention to ensure that prices of energy arc kept 
at as low a level a.s pos.siblc. It is common ex¬ 
perience in many countries that the rate of in¬ 
crease of fuel prices is lower than the rate of in¬ 
crease of prices of other commodities whose 
prices are determined by market forces without 
intervention by the Government. The data for 
the Sixties indicate that in India the change in 
the indc.x of prices of fuels was less pronounced 
than changes in the index of prices of all com¬ 
modities. food articles or of industrial raw mate¬ 
rials. Table II I bears this out: — 


Index Numbers of Wholesale Prices of Selected 
Fuels in India- I i9bO-61 to 1970-71) 
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O I L 


Period 

All 

comiiio 

C<«il 

Klrr- 

trioity 

Petrol 

^ 

Uiewl 


dirir* 




oil 

1961-62 

10000 

100-0 

100 0 

lOO-O 

100 0 

1962-63 

.. 10024 

104-0 

109 0 

101-9 

102-1 

1963-64 

108-15 

112 2 

115 1 

120 2 

108-9 

1964-65 

.. 12206 

no 3 

no 6 

120-6 

109-3 

1969-66 

.. 131-89 

121 8 

124 9 

127-0 

no 9 

1906-67 

.. 1.32 61 

128 5 

137 3 

131 5 

119 3 

1967-68 

159-lM 

147 » 

1.38-6 

144-5 

no 3 

1968-09 

105-40 

108 2 

143 3 

148-6 

121-7 

1969-70 

.. 171-50 

160 0 

143-0 

180-0 

122-8 

1970-71 

.. 181-10 

107-9 

160 2 

175-5 

121-1 


NOTK : In lex nuni^ropR of wholt)t«|o prii'fB of other 0|) 
pro }ui *a fire rxit piii>liahpd« 
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11.5. A prdpef price policy jor the fuels will 
have to be based on an adequate appreciation of 
the production cost of each fuel over time. The 
price policy should take into account the interests 
of the producer, the consumer and the nation. 
From the point of view of the producer, a sound 
system of prices should give the incentive to pro¬ 
duce the required quantities of energy and should 
assure its regular production at the minimum of 
cost by putting pressure on the management to 
select optimal projects and operate them effi¬ 
ciently. The relative price of fuels of different 
qualities should be such as to enable the pro¬ 
duction of different qualities of fuels in the re¬ 
quired quantities and prevent the wasteful pro¬ 
duction of fuels which are in scarce supply. The 
Pjrife^ policy should also enable the industry to 
undertake and implement a long-term policy of 
exploration and technical research to improve the 
efficiency of production arid transformation of 
energy. From the consumer point of view, the 
price system should provide the energy at the 
lowest possible costsl encourage him to use the 
itype.'of energy that best suits his particular needs 
and encourage the use of fuels whose supply is 
’relatively abundant and discourage consumption 
of fuels which are relatively scarce. From the 
national point of view, the fuel prices should en¬ 
sure that the pattern of use of fuels is in keep¬ 
ing with the optimal pattern of production deter- 
riiined with reference to the long-term availabi¬ 
lity of fuels and their costs. 

11.6. In practice, a price system cannot work 
equally satisfactorily from all points of view. 
Many of the problems of the energy situation in 
India appear to be due to price policies in the 
fuel sector which have been coneemed, possibly 
to an excessive extent with one individual func¬ 
tion of the policy namely that of supplying con¬ 
sumers with energy at the lowest possible costs. 
As a result, production of sufficient quantities of 
fuels has'.suffered, and the country has also been 
increasingly dependent on external sources of 
supply. In future, in designing a rational price 
policy for the energy sector, appropriate atten¬ 
tion should be paid to all the three functions re¬ 
ferred to earlier. 

11.7. While the procedures for price determi¬ 
nation wjU vary with the nature of the fuel in¬ 


dustry for whose products the price is to be fix¬ 
ed, the Committee feels that the Government 
should indicate a reasonable rate'of return to be 
fixed for the fuel industries as a whole which 
would serve as a guideline for any committee 
which is entrusted with the task of price fixation 
for any fuel. There has been significant variation 
in the rate of return allowed by different commit¬ 
tees in the past. Taking note of the objectives of 
a rational price policy in the energy sector. Energy 
Survey Committee (1965) had suggested that the 
fuel industries should yield a return of at least 

10 per cent on the investment, this Committee 
would like to endorse the view of the Energy 
Survey Committee. The price fixed for any fuel, 
coal, oil or electricity should be such that the 
particular fuel industry, as a whole, is enabled 
to earn a return of at least 10 per cent on the 
investment made in the industry. 

Price policy for the coal sector 

11.8. In any coalfield, in the normal course, 
the more easily mineable deposits are exploited 
first, leaving the deposits available at greater 
depths and occurring under more difficult mining 
conditions to be exploited later. This would lead 
to progressively increasing cost of mining coal. 
However, as only a very small fraction of the 
total deposits available in the country has so far 
been exploited, inspite of the increasing level of 
coal production, the costs of mining have not 
increased significantly. Cost of coal production 
has been analysed by several committees which 
were set up to enquire into the production costs 
and fix a reasonable price for coal. After examin¬ 
ing various possibilities, all the committees start¬ 
ing with the Coal Price Revision Committee in 
1958 had decided to fix the price on a ‘Cost plus’ 
basis where the "plus” factor was expected to 
reflect a fair margin of profit. For determining 
costs of products, data were collected by team* 
of cost accountants for the Coal Price Revision 
Committee in respect of 63 collieries which were 
selected in consultation with the industry. Analy¬ 
sis revealed that there were wide variations in the 
costs of production even among collieries which 
were located very close to each other. Even when 
the elements of costs were disag^egated. these 
elements of costs could not be correlated with 
factors which are normally considered to deter¬ 
mine the cost like the size of collieries, depth at 
which coal is mined etc. It was also noticed that 
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the cost of extraction of coal does not bear any 
correlation to the quality of coal. The extraction 
of lower grade coal in some fields is costlier than 
extracting good quality of coal from other fields. 
The cdhunittees which were to fix the price of 
coal with reference to the cost of production had 
to adopt certain subjective standards to determine 
what might be regarded as “normal” for each 
item of the cost of the production. Though the 
committees have not explained the basis for 
selecting “normal cost” of each element of pro¬ 
duction costs, the “normal cost” determined by 
each committee is very close to the mean of the 
observations of cost considered by the commit¬ 
tee. Table 11.3 sets out “normal” elements of 
cost of producing a tonne of coal in India as 
woiifed out in two such reports—one in 1957 
and the other in 1971. 

Table 11.3 

‘‘Ndtmal Costs" of Coal Production —1957 and 
1971 


Cost in Rs. per tonne 
of coal as commuted 
in 


ly Wages, salaries and administra¬ 
tion 

1937 

1971 

n -25 

19-30 

2. Stores ., 

1-75 

3-80 

3. Welfare Expenditure & Misc 

MO 

1 93 

4. Power Royalty etc. 

1-8S 

1-80 

6. Depreciation .. .. .. 

1-70 

1-80 

fi. Cess, brokerage etc. 

0-26 

0-22 

7. Total cost of production* 

17-90 

28-03 


Noth; 'Ihis does not include interest on working capital 
and “margin of profit”. These elements were added to arrive 
at the price of ooal. 


In effect, a major portion of the increase in cost 
from 1957 is attributable to the rise in wage cost. 
However, a large part of the wage increase 
appear to be in the nature of neutralization of the 
increase in price of food articles. (See Table Il.l). 

11.9. It is noteworthy that the element of dep- 
Teciatibn in the cost taken as “normal” has varied 
marginally only over a period of 14 years. This 
is partly due to the fact that price fixation studies 
selected samples of coal mines which were 
weighted in favour of the old and private sec¬ 
tor mines; the public sector was active in open¬ 
ing new mines in geologically less advantageous 
locations and the average net fixed assets com¬ 
mitted per tonne of coal production was consi¬ 
derably higher in the public sector as compared 
to the private sector. Many of the high cost mines 
were opened in outlying coal fields and in many 
cases the production from such mines were, con- 
tracteid for supply to specific consumers at prices 
which were specially negotiated. The study by 


the Bureau of Industrial Costs and Brices reveal¬ 
ed that the price per tonne of production (as per 
the samples examined by them) was as follows; 


Bs. tonne 

^- 

Private Public Overall 

sector sector 


for all regions: (other than 

Singareni) .. 8-39 24-73 14-31 

Noth:—T he net fixed assets in Singareni Colliery were 
oomputed to be higher than Es. 24- 73 per tonne. 

An examination of the new investment proposals 
in the coal industry indicates that additional pro¬ 
duction of coal would involve much larger invest¬ 
ment per tonne of coal to be produced. 

11.10. The discussion above, brings out the 
difficulty of the problem of determining the cost 
of production of coal which can be considered 
reasonable for all the producers of coal. This 
problem has, however, undergone a change in 
character by the nationalisation of all ffie coal 
mines in the country. It is, possible now. to de¬ 
termine the costs of production which will be ac¬ 
ceptable to the public sector coal companies 
which manage all the mines in one region or coal¬ 
field by taking into account, the costs of produc¬ 
ing the coal from all the mines under its manage¬ 
ment. To start with, computation may be done on 
the basis of cost accountancy studies but it is ne¬ 
cessary for long run efficiency of resource utiliza¬ 
tion. But economically relevant costs are deter¬ 
mined for purposes of price fixation. 

11.11. The problem of fixing the consumer 
price of.coal with reference to the quality of coal 
will continue even now. Coal is not a homogen¬ 
ous commodity as its quality varies very widely 
from mine to mine. The consumer specification 
for coal involves several characteristics like calo¬ 
rific value, percentage of sulphur, percentage of 
inerts, and fusion temperature, etc. M^ile the 
costs of coal production are not related to any 
of these “Qualities" or "factors”, the value of 
coal to the consumer depends on a number of 
these factors. 

Taking all these issues into account the Com¬ 
mittee would recommend the following principles 
to govern coal prices — 

(1) Coal prices should be fixed with refer¬ 
ence to the geographical area from 
which coal is mined. 

(2) Price fixed for the coals produced in 
each area should cover the total costs 
of production and should yield a net 
return of at least 10 per cent on the 
capital invested in producing coal in 
that area. 

(3) Differential price fixed'for coal of diffe¬ 
rent qualities should adequately reflect 
the value of the specific qualities to the 
consumer as well as the relative scarc¬ 
ity of coal of different qualities. 



11.12. Operationally, the determination of coal 
price on these principles could be done by adopt¬ 
ing the following procedure; Coal mines in India 
can be divided into certain geographical groups, 
each group consisting of one or more coalfields. 
The price of coal in each area could be determin¬ 
ed with reference to the cost of producing coal 
to the required level in that area. As the Govern¬ 
ment or the Coal Company draws plans in ad¬ 
vance for attaining specified levels of production 
in each of the coalfields, the production plans 
would be available for each coalfield from which 
the cost of producing coal can be determined. If 
all the full details of the production plan are not 
available at the time of price fixation, this can 
be done by selecting a “representative mine” in 
the coalfield which will set the trend of costs of 
production of coal in that field during the period 
for which the pri« will be in operation. This 
cost can be called the “bench mark” cost; the 
average selling price of all the coal from the area 
should be fixed to assure yield of net return of 
at least 10 per cent on the invested capital after 
meeting the "bench mark” costs, 

11.13. “Bench Mark” price will apply to the 
coal of the quality which is produced in the lar¬ 
gest quantity in the area. All coal produced in 
the area co^d be arranged in price groups with 
reference to the price and quality coal of bench 
mark. The price groupings could be made with 
reference to the following: — 

1— Calorific value, 

2— Ash content. 

3— Moisture content. 

4— Sulphur content. 

5— Content of other impurities like grid, 
abrasive material etc. 

6— Size of coal. 

Depending on the value of the different characte¬ 
ristics of coal to the consumer, a premium or a 
rebate could be allowed on different qualities of 
coal with reference to the price and quality of 
the bench mark coal. Over and above this, for 
taUng into account the rapidly exhaustible quality 
of certain types of coal, a penalty value for 
scarcity of coal of certain qualities could be add¬ 
ed. Point values could be worked out for each of 
these factors. 

11.14. In fixing the point value and in deter- 
miiiing the price groupings, it should be ensured 
that the total coal sold as per the schedule of 
prices determined in the coalfield should give a 
minimum return of 10 per cent on the capital 
invested in coal production in the field as a whole. 

11.15. As such price fixation will be done with 
reference to the production proposed for a period 
of 5 years, it will make the coal industry cons¬ 
cious of its responsibility in achieving production 
at certain costs. Its failure in this regard will 
lead to a loss; while improvement achieved in 


actual implementation of the projects will in¬ 
crease the profits. The period for which the price 
should be fixed will depend on different circum¬ 
stances but if stability is envisaged in the level of 
wages and prices of inputs, it should be possible 
to fix the price for at least 2/3 years at a time. 
In times of abnormal inflation, it will be neces¬ 
sary to link the price of coal to certain indices 
like wage costs or costs of major inputs. Such 
price fixation while defining the responsibility of 
coal industry as indicated above, would also en¬ 
able the coal consuming industries to project their 
cost of production on a reasonable basis. 

Price policy for the oil sector 

11.16. As indicated in Chapter VUI. India’s 
production of crude from indigenous sources will 
be adequate to meet only part of the demand ter 
such products. The rest has to be obtained from 
other countries either in the form of crude or 
in the form of products. When crude is obtain¬ 
ed, it has to be refined before use and the pro¬ 
cess of refining gives rise to a set of joint pro¬ 
ducts. These products fall into three main cate¬ 
gories, namely, the light distillate products, the 
middle distillate products and the heavyends. 
Each of these main categories can be split into 
sub-categories and by blending with other pro¬ 
ducts or by addition of additives, they are con¬ 
verted to petroleum products with speciiScations 
which conform to specific consumer needs. 

11.17. Each refinery attempts to adjust its pro¬ 
duction to conform to the pattern of demand for 
products that it has to serve. In the United States 
where the demand for motor gasoline forms a 
high proportion of the total oil products’ demand, 
the refineries tend to maximise the yield of motor 
gasoline in the refineries. In certain countries, 
where demand for fuel oil is high as compared, 
to other products, as in Japan, the refineries 
maximise the yield of heavyends. In, countries 
like India, where the major share of demand 
comprises diesel oil and kerosene which are mid¬ 
dle distillates, the production pattern of the re¬ 
fineries is normally geared to maximise' the yield 
of middle distillates. (See Chapter VHI). In a re¬ 
finery it is possible to adjust to a great extent the 
production levels of the products within each 
main catejpry without major investment crots. 
But decreasing the proportion of the heavier pro¬ 
ducts and increasing the share of hgMer products 
will call for investments in equipmoit which can 
crack the heavier products into lighter ones. The 
yield of even the main categories using the sJime 
equipment will depend on some extent on the 
quality of the crude which is processed in the 
refinery. Certain crudes which yield on straight 
distillation, a larger proportion of light ends are 
referred to as light crudes whereas those which 
yield a larger proportion of heavyends are called 
heavy crudes. Due to the international pattern of 
demand for different products there is relatively 
a lar^r demand for light crudes and in interna¬ 
tional market light crudes command hf^er 
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prices*. The changing price of oil in the inter¬ 
national market gives rise to the problem of fix¬ 
ing a proper price for crude that is produced 
within the country. As long as international price 
of crude was relatively low, as in the period prior 
to October 1973, the crude produced in India was 
priced with reference to the international price. 
After the sudden multi-fold increase in price 
after October 1973, Government have fixed the 
price of crude at a relatively low level as com¬ 
pared to the price of crude in the international 
market and has proposed to collect a surcharge 
on indigenous crude which will be used to finance 
a Petroleum Development Fund. Even with the 
addition of the surcharge, the price of indigenous 
crude has been kept at a level significantly lower 
than the price of similar quality crude in the in¬ 
ternational market. The Committee considers that 
the producer price of crude produced in India 
should at least be equal to the long-term cost of 
producing crude in India and the difference bet¬ 
ween such a price and the prevailng international 
market price at any point of time should be col¬ 
lected by the Government as q tax. In effect, 
the refineries should get Indian crude at prices 
equal to the international price of similar crude. 
Fixing the ex-refinery price of Indian crude 
lower than the international, would involve subsi¬ 
dizing the consumption of oil products. Unless 
the case for it is examined with reference to the 
classes of people who consume oil products, it 
is not rational to subsidise the price of crude, es¬ 
pecially when any subsidy that is considered de¬ 
sirable for a section of the oil product consumers 
can be made available by suitable adjustments 
in taxes and subsidies on that particular product. 

11.18. Given the quality of crude and the mix 
of products that are to be obtained from the 
crude, the investment requirements for a isfinery 
and its operating cost can be determined. There 
are international “norms” regarding the invest¬ 
ment and operating costs for converting a stand¬ 
ard quality of crude to a given produett- It is. 
therefore, possible to relate the cost of oil pro¬ 
ducts to the cost of the crude and later allow a 
reasonable rate of return to the refinery industry 
and fix the .producer price of each oil product. 
In almost all countries, taxes on oil provide large 
revenues to the Government as the oil products 
are among the goods which are heavily taxed. 
The consumer jirice of a product is made no of 
the producer price, taxes and the trade and trans¬ 
port margin. The price fixation of oil products 
could therefore be made on the basis of a study 
of the pattern of demand to which a refinery has 
to cater, the required investment and operational 
cost and the crude prices and the product price 
could be linked to the price of crude. But for a 
number of reasons set out by them, the Oil Prices 
ConimitteeJ had decided to fix the producer price 
of each product on par with the im^rt price. The 

♦Other fa^torslike sulphur content also affect 
the price of crude Bi^nifioantl.N, 

tl^elson.s ratin‘;s is an exaipple of such norips. 


price Of each product relevant to crude priee 
on a particular day was determined with reference, 
to the international price of such products and 
the product prices were allowed to be changed 
with reference to changes in the crude price, The 
latter changes were determined on the basis of 
the formula that for every change of 10.0,TJ.S,. 
cents per barrel in the crude price, there would 
be 4 per cent change in the product price. The 
international price of products in , relation, to 
crude price has been varying from time to time 
and in effect the import parity was not maintain¬ 
ed over time, by the adoption of lh,e price for¬ 
mula followed in India. 

11.19. In the coming years when India is likely 
to produce most of the products by refining of 
crude within the country, the Committee does not 
see any particular advantage in maintaining the, 
"price parity" formula for fixing ex-refinery 
prices. As in any other country, the price of pro¬ 
ducts at the refinery level could be-fixed with iRr 
ference to the cost of producing that i; product 
after attaining a reasonable return to the? refiner. 
However, in the case of a refinery, as products 
are produced jointly, there is the problem of ^allo¬ 
cation of production, costs as between the dine*' 
rent products. A number of methods have be^n 
adopted for, pricing the joint products in several 
industries. Similar methods could be adopted for 
the oil mdustry also. The prices could be fixed 
in such a way that the refiners get an ex-refinery 
price for different products which, taken as a 
whole, cover the cost of inputs, the cost of refin¬ 
ing and allow a reasonable profit on the invest¬ 
ments made in refineries. It is possible to deter¬ 
mine with reference to a standard crude, the 
costs of processing by straight distillation. The 
costs of further processing to increase' the share 
of any particular product in the product mix, 
will be different with each product. Using tfiese 
cost data, it would be possible to determine the 
index of production costs of different products. 
Such indices along with the crude price could be 
served as the basis of determining the ex-refin¬ 
ery price of the various products. 

11.20. The price at the retail leyel will have 
to be fixed by imposing taxes , or subsidies pyer 
the refinery price and adding the transport and 
trade margins. Depending on the objectives of 
the Government, namely, whether it should en¬ 
courage or discourage the use of a particular pr6- 
duct, and judgement of the Government of 'the 
subsidy to be given to the consuming' sector; 
Government could vary the taxis and Subsidies 
from time to time. Government haVe r^eritly' 
appointed a Committee to go into the priding of 
oil products. At this stage, the Committee woqld 
like only to suggest that there should- be a serious 
examination of the need to continue the import 
parity formula for product pricing and to 

t 'Kiere have teen 3 reperts so faV—■{11 TaluVd&r Cblnhiitteo 
Report; (2) Damle Committee Report; (3) Shah CopUni* 
ttee Report, 
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evaluate other possible methods of fixing prices 
which will best subserve the national interest. 

Price poUcy for the power oector 

11.21. Some implication of a ratipnal pnqc, 
system for the power sector with reference ,to. (be 
quantum and intensity of their power cP^sunip- 
tion by different classes of consumers ba,yc 
dealt with in Chapter IX of this Report.. TT»c 
committees which have examined the pricing of 
power in India have all recommendecl that th^, 
revenues collected by the Electricity Board.s by 
sale of power should be adequate to cover all.the 
costs and should allow a fair return on the in¬ 
vestments made on power generation, tramthihs- 
sion and distribution. The report of the ComrqU- 
tce on the Working of the State Electricity Boara, 
1964, (Venkataraman Committee) had suggested 
than the tariff should be so fixed that the gross 
collection covers all the recurring costs and leaves 
a return of 11 per cent on the investment made 
by the Electricity Board. This Committee had 
c.xamined the question with reference to the Elec¬ 
tricity (Supply) Act and suggested that this 11 
per cent should be distributed as ! J per cent to¬ 
wards electricity duty. J per cent towards general 
reserve. 6 per cent towards interest charges and 
3 per cent as net profit. On a comparable basis, 
the rate of return suggested by the Venkataraman 
Committee for electricity is lower than the rate 
of return suggested here for the coal industry. 
However, the rate of return is well below the 
minimum of 9 per cent. The actual return on in¬ 
vestment made in the electricity industry is sub¬ 
stantially less than even 9 per cent. The report 
of the Finance Commission 1973, which examin¬ 
ed the finances of the State Electricity board 
during Fourth Five Year Plan has stated: **I>es- 
pite this all round awareness of the need to 
achieve certain minimum rates of return on in¬ 
vestments made in power projects, the working 
results of State Electricity Boards, far from regis¬ 
tering any improvement, have suffered set-back 
during the current Plan period. The forecasts 
furnished by the State Governments point to no 
significant improvement in the standards of per¬ 
formance of State Electricity Boards in financial 
terms in the Fifth Plan period. Taking all State 
Electricity Boards together, while their revenue 
receipts would have increased from Rs 387 crores 
in 1969-70 to Rs. 692 crores in 1973-74 reflecting 
the growth in generation and sale of power and 
revision of tariff, their net surplus, after setting 
on revenue expenditure and obligatory transfers 
to depreciation fund, would have declined from 
4.2 per cent to 3 3 per cent on the capital basis. 
The rate of return will more or less be of the 
same order during the forecast period” This 
Committee would like to emphasise that the in- 
adequate returns from electricity industry will 
seriously affect the power programme and recom¬ 
mend strongly that the electricity tariff should 
immediatelv he revised in all the States so as to 
"ive the rates of return as suggested hy the 


Venkataraman Cpmmfme. In fact, the Com¬ 
mittee tvot^lfi like to recommend that the returns 
onJnveUnient in eliciricity should be 10 per cenk 
in^eplng eitpected from 

mrf/iufr/ei. The basis of 
pr0ng 's'uggested.‘here..fhpUlu be ^applicable hot 
oiuyJp^Siate, E,lectrtcit^ Bpdrd^ Mt /also to other 
ndH^J^neratihg dgeacles like the Department of 
E/Uff’jev, (^Iraf Electricity Authority, 

■n.22.|The determioalion of the relative price 
of ,si 4 fplying power.. (9 various, .categories of oon- 
sum^m-and' fop the sAmet. ;Of» consumers 

daring different seas<;u)b-«£it]M year and fof diffe¬ 
rent ipArtA'of the d^y. calls for a clpne analysis. 
T|U} .sy(Hc»n,,of,pricu\|, ppvrcr u»ifor«ily throu^- 
outitthe year will not. 1^ to, o^Himal utilization 
of the power system capability. A given installed 
capacity utilized at high load factors will bring 
down the total cost of generation. No consumer 
however will require power of the same intensity 
throughout year, or even throughout a day. There 
arc specific periods during which most of the 
consumers would prefer to draw their electricity 
requirements if the price of electricity is the same 
at all times. Supplying electricity during the peak 
hours, therefore, would involve a higher cost 
than supplying electricity during the off-peak 
hours. To some extent, the divergence in the ct s1 
of power generation for peak supply and off-peak 
supply could be reduced by designing an optimal 
power generating system with due regard to the 
structure of the load that faces the system. Even 
then, the difference in the cost of supplying the 
requirements during the peak hours of the day 
or during the peak season in a year would be 
significantly higher than the supplies to be met 
during other parts of the year or the day. The 
Committee will, therefore, recommend that the 
electricity tariff .should he designed so as to dis¬ 
criminate adequately between the use of power 
during the peak periods and during off-peak 
periods. As the difference in the peak demand 
and off-peak demand is very large in this coun¬ 
try. the tariff should include a penalty for use 
of power during the peak hours .so that atlea.st 
over a period of time the load curs’es of demand 
are flattened to a more reasonable level. This 
would bring about substantial savings in the in¬ 
vestment cost in the power sector. 

11.23. There are often suggestions for subsi¬ 
dizing the cost of power to particular consumer 
categories with a view to enable them to pro¬ 
duce more of certain products or to reduce their 
costs of production. In the industrial sector, such 
suggestions are mostly in respect of industries 
which are intensive users of energy like steel, 
aluminium, fertilizers and electro-metallurgical 
industries. Tbe case for a subsidy should be care¬ 
fully examined in each case to see whether such 
a subsidy is really called for. The Committee is 
of the view that there is generally no case for 
suhsidlzing the cost of power supply to any in¬ 
dustry. As most of the intensive energy users 
will operate at a very high power factor and 
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load factor, the cost of lUMjdoi power to them 
would be relatively lower than toe cost of sup¬ 
plying power to otoer iadustries whose couua^ 
tion IS less ioteotive. WhQe thdOf the orice of 
power supply to such power inteosive industries, 
the fact of tte lower cost of supplying such needs 
should certainly be taken into account: but there 
appears to be no case of going beyond this rod 
give a subsidy to any of these industries. In the 
agriculture sector, power rates have been kept 
very low during the initial period of plann^ 
development; this should be considered as a pro- 
niotional tariff operated during a period when the 
use of power in agriculture was a very small 
fraction of the total power supply to aU sectors 
of the economy and when the Oovemmeot was 
keen on promoting a larger use of power in the 


agriculture sector. Ar present when the demand 
for power from the ugricidture sector is a sub¬ 
stantial portion of the total demand and when 
there is no longer arty need for a promotional 
campaign to encourage the use of power Jn the 
agricultural sector (except perhaps in certain 
selected pockets in the country), the tariffs in¬ 
troduced earlier need correction. The Committee 
would strongly recommend that the agricultural 
loads should be charged with due regard to the 
cost of supplying power to the agriculture sector. 
At the same time, all measures should be taken 
to bf^lng about a better utilization of the connect¬ 
ed loads in the agricultural sector (like roastering 
of agricultural loads) which would enable the re¬ 
duction of the cost of power supply to the agri¬ 
culturists. 



CHAPTER Xn 


TECHNOLOGY PLAN FOR ENERGY SECTOR 


12.1. The energy .sector extends to so many 
fuel forms, their production, transformation and 
utilisation that there are vast areas where re- 
search and development work can be undertaken. 
But in a country like ours with limited resources 
of m«i and materials for R. & D. work, efforts 
in research and development should be oriented 
towards solving specific problems which are rele¬ 
vant to our country. The priorities for action in 
R, & D. should be determined with reference to 
the nature of the problem, the chances of our 
solving the problem, the results of efforts under¬ 
taken on similar problems in this country and 
abroad so far and the constraints on resources 
available for R. & D. work. 

12.2. The important problems in the energy 
sector identified in this Report are the follow¬ 
ing : — 

—resource-wise India is very inadequately 
provided with oil reserves and coking 
coal required for metallurgical indus¬ 
tries; but fairly adequately endowed with 
non-coking coal resources; 

—the non-coking coal resources are poor in 
quality and their beneficiation and trans¬ 
port involve heavy cost; 

—nearly half of the energy needs of the 
country are still obtained in the form 
of non-commercial fuels and the con¬ 
tinued use of these non-commercial 
fuels will lead to heavy social costs, but 
the shift from non-commercial to com¬ 
mercial fuels is possible only if cheap 
commercial fuel substitutes could be 
provided to the rural poor; 

—within the country the distribution of fuel 
resources as between the regions is 
somewhat uneven and energy transpor¬ 
tation involves heavy costs. 

12.3. I’n the light of these, the research and 
development efforts should be directed towards; 

—increasing the efficiency of use of fuels; 

—making economically efficient use of lower 
grade coal wherever it can be used; 

—^improving the technology for the use of 
coal/coke in areas where oil products 
are used at present; 

—develoinng techniques for the economic 
transfer of energy over long distances; 

—developing new technologies for produc¬ 
tion of cheap commercial fuels for use 
in the domestic sector; 


—developing mining techniques for improv¬ 
ing the efficiency and reducing cost: 

—developing new sources of energy to sup¬ 
plement the fossil fuel supplies. 

Increasing the efficiency of use of fnels in all 

sectors 

12.4. There are rndications that without' any 
large shifts in the technology of fuel utilisation, 
large savings of energy can be effected by re¬ 
ducing the fuel required per unit of output in a 
number of industries by adoption of more effi¬ 
cient methods and procedures of use. As early 
as 1962, the Government of India obtained the 
services of two experts from the National Fuel 
Efficiency Service of U.K. whose findings indi¬ 
cate that in many factories 15 per cent saving 
in fuel consumption was possible and in some 
the saving could be as high as 50 per cent. Some 
of the micro-level studies undertaken by the 
National Productivity Council through its Fuel 
Efficiency Service reinforce the findings of these 
expert.s. There are numerous instances where the 
choice of fuel has been made without due regard 
to national considerations. Often a particular fuel 
is chosen on the advice of suppliers of equip¬ 
ment without serious considerations of the finan¬ 
cial—^let alone the economic implications of the 
choice, as the element of fuel cost is often only 
a small fraction of the total production cost. It 
is necessary therefore that the choice of fuel by 
each industry should be done with regard to 
technical and national interests. The two objec¬ 
tives of ensuring that the optimal choice of fuels 
is made and the optimum use of fuel is made 
efficiently in the industries should be achieved 
by having a National Fuel Efficiency Service. A 
study conducted by the National Committee on 
Science and Technology has indicated that such 
a service which essentially requires trained fuel 
experts would not suffer for want of necessary 
technically qualified personnel. The Committee 
therefore recommends that a National Fuel Effi¬ 
ciency Service should be organised a seatiy as 
possible. The Service should also be armed with 
adequate authority to ensure that their consider¬ 
ed views on selection of fuels and on the level 
of efficiency to be achieved in the use of fuels 
is accepted by the fuel consumers. 

12.5. The National Fuel Efficiency Service can 
be organised either as a central agency extend¬ 
ing its activities to all regions and all sectors of 
the industry or by forming separate regional or 
industry-wise Fuel Efficiency Services. Whatever 
be the organization, there is need to involve in 
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the Fuel EflSciency Service, oflicials of the Cen¬ 
tral and State Governments whose responsibility 
extends at present to problems of fuel usage. 
The Committee would like to emphasise that, 
besides organisational arrangement, there is need 
for setting up facilities for training operatives 
who deal with fuel burning equipment. The main¬ 
tenance practices followed in fuel burning instal¬ 
lations are very poor: training facilities for the 
mainte'nance personnel is also needed. The train¬ 
ing facilities available now for imparting the 
skills to such ojperatives are quite inadequate. 
The facilities will have to be increased several 
fold by first having training courses for the 
teachers who will man training centres and later 
by setting up training centres all over the coun¬ 
try staffed by properly trained personnel. Well 
deigned Fuel Efficiency Training Schemes should 
be worked for this purpose taking advantage of 
ihe surplus engineering talents available in the 
country today. The Committee recommends that 
immediate action should be taken in this regard. 

12.6. In the agricultural sector, oil is used 

for pumps for lifting water and for propelling 
tractors; , electricity is used for lifting water and 
for running agricultural machines. The efficiency 
of fuel usage for the agricultural pump sets 
varies widely among pumps manufactured by 
different manufacturers. There is need to stand¬ 
ardise the designs and fix minimum norms of 
fuel efficiency for pumps to be manufactured. 
However, this is not of long-term significa-nce 
as* recommendations of this Report imply a 
gradual phasing out of diesel pumps in operation. 
The more important R & D. effort in the agri¬ 
cultural sector should be to evolve suitable 
design and construction norms for reducing the 
costs of rural electrification. Some suggestions 
for standardising designs and for reducing costs 
bj)f Using cheaper construction materials have 
6een made in the Power Economy Committee 
{See Annexure This Committee would 

like to endorse their suggestions. 

12.7. In the transport sector, economy in fuel 
efficiency can be increased considerably by deve¬ 
loping properly defined standards for-^i) engine 
exhaust smoke density; (ii) engine performance- 
axle ratio: (iii) vehicle body designed to conform 
the minimum specific requirements of stream¬ 
lining: (iv) operation of engines as per designed 
specifications; (v) norms and code practices of 
preventive maintenance: and (vi) use of lube oils 
of proper quality. Efforts should, therefore.^ be 
mounted \vith the cooperation of the various 
institutions already in existence, like the Indian 
Institute of Petroleum, Indian Standards Insti¬ 
tute, The Central Mechanical Engineering Re¬ 
search Institute and others, to implement a time 
hound programme of increasing the efficiency of 
utilisation of oil in the transport sector. 

12.8. As already discussed in the Chapter on 
Policy for Power Sector, it is possible to increase 
the efficiency of use of coal in thermal power 


plants by technological improvements. Efficiency 
in the use of coal increases with the unit size of 
thermal power plant is as follows: 

Size of Generating Set 
60 NW 100 MW 20 MW 3 0 MW 60 MW 

Coa, (average 

oalorificvalue of 0-67 0.60 0 63 0-J)2 O'60 

4.500 kcal/k ) re¬ 
quired per kwh of 
energy general i on 

The unit sizes upto 200 MW are being manufac¬ 
tured in the country. 

12.9. The considerations on which the optimal 
size of the power plant has to be made have 
been discussed in Chapter IX. It is evident from 
the data that if regional grids become effective 
by the end of the Fifth Plan, thermal plants of 
unit size of 500 MW may become optimal in 
some regions. Development work on the manu¬ 
facture of 500 MW units with indigenous know¬ 
how should be taken up immediately. Although, 
this task of developing individual compon(fents 
for such a large size plant would be time con¬ 
suming and may call for large investments, it 
will provide an opportunity for developing the 
local design and development skills and would 
enable the country to take up the larger prob¬ 
lems which will emerge in the power sector in 
future. A comprehensive survey of the problems 
involved in developing an indigenous 500 MW 
generating unit has been made and it is the 
considered view that the development respon¬ 
sibility could be shared by the existing organi¬ 
sations in the country. The Committee recom¬ 
mends that the design, development and manu¬ 
facture of 500 MW generating unit should be 
entrusted to an Indian agency with a time bound 
programme to get the commercial production of 
sqch sets started in the early eighties. The Com¬ 
mittee welcomes the initiatives already taken in 
his regard by NCST and the Government. 

12.10. Another process which will greatly in¬ 
crease the efficiency of fuel use in the power 
generation is the adoption of MHD (Magneto 
Hydro Dynamics) process. In this process, an 
electrically conducting gas is forced through a 
duct at a high speed in the presence of a trans¬ 
verse magnetic field. The electro-motive forces 
induced in the gas allow current to be extracted. 
This system, if made commercially workable, 
would offer thermal efficiency of 50 per cent or 
higher (as compared to 34 to 38 per cent in a 
conventional thermal power station). The MHD 
generator requires a very high electron concen¬ 
tration in the gas which could be achieved only 
with very hot combustion gases (4,000°— 
5,000° F) seeded with materials having low 
ionlization 'potential like potassium Or cesium. 
The commercialization of MHD therefore in¬ 
volves the solving of problems in the areas of 
electrioal conductivity of coal combustion gases, 
materials which would function at high tempera¬ 
tures and corrosive environment and seed re¬ 
covery and gas cleaning. 
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12.11. Though the fundamental problems re¬ 
main unsolved inspite of the efforts of very com¬ 
petent research groups in several countries for 
over a decade, several groups in U.S.A.. U.K., 
Japan and USSR are still continuing their efforts. 
U.S'.S.R. has already set up a plant of 25 MW 
capacity operating on natural gas which is re¬ 
ported to be working satisfactorily. In order to 
investigate the potential of MHD generation in 
India, a study team of experts was set up by 
NCST which has recommended a ten-year pro¬ 
gramme of developme'nt work in this area in 
three phases, namely; — 

(a) to conduct laboratory scale experiments 
at the level of 2 MW size for developing 
necessary scientific and technical skills 
and experience; 

(b) to design and set up a 25 MW MHD 
prototype plant; and 

(c) to develop design capability for a full 
scale commercial plant in the range of 
500—1,000 MW. 

12.12. Development work on MHD may prove 
to be a very costly and time consuming effort. 
While agreeing with the strategy implied in the 
NCST recommendation for mounting a serious 
Rf. <6 D. effort of developing MHD process in 
India, the Committee would like to emphasize the 
need to concentrate work on laboratory and higher 
scale in the critical areas, Especially those con¬ 
nected with the use of our high ash coals for fuel 
gas production and review the progress periodi¬ 
cally before embarking on installation of higher 
capacity MHD units. 

12.13. It is relevant to note that several other 
methods of increasing fuel eflSciency in power 
generation like the combined gas-turbine system 
o^rating on clean low calorific value coal gas 
are also under examination. In other countries 
fluidised bed technology also provides aroute 
for increasing the efficiency of fuel utilization in 
poiver generation by 5 per cent (i.e., reduction in 
fuel requirement by 6 to 15 per cent as compared 
to a conventional thermal station). Besides, flui¬ 
dise,d bed technology promises to be a very 
efficient way of utilising our low grade coal. This 
process consists of combustion of coal at a tem¬ 
perature of 800°—900“ C in a fluidised bed 
operating at an elevated pressure and in direct 
contact with the heat transfer tubes. The energy 
in the hot compressed product of combustion is 
utilised for driving both gas and steam turbines. 

process is viewed with great interest in 
other countries in view of the ability of the boiler 
to ‘fix’ sulphur and thus prevent air pollution.* 


♦‘.‘Teofinolo Jioal an't Economic Feasibility of Advanced 
power Cycles” by P. L. Robinson and Sigmonds, Lewis 
and Crubcr; United Aircraft ReBcaroti Laboratories to 
Rational Air Pollution Control Adjnn, Ileoember, 1970 


The Committee would recommend that Research 
and Development in the areas relating to com¬ 
bined gas turbine-steam turbine plants which 
would increase the overall efficiency of cod 
utilisation in thermal power stations should be 
intensified.’ (See Chapter VII on gasification of 
coal). 

R & D to conserve coking coal 

12.14. In Chapter V the likely demand and 
resource availability in respect of coking coal 
have been discussed. As we have large reserves 
of economically exploitable iron ore and as (he 
nation’s need of iron and steel will keep on 
increasing, the problem of conservihg our coking 
coal is an urgent one. While immediate steps 
for blending of prime coking Coal (which is 
critically short) with medium and semi-coking 
coals (which are available in relatively larger 
quantities) and adoption of new steel melting 
technologies like fuel injection and oxygen lanc¬ 
ing will help in extending the resources to a 
slightly longer period, the long term solution 
will depend on the development of a technology 
to conyert non-coking coals to coal with proper¬ 
ties which can be used in metallurgical industries. 
Several processes for this are under development 
in various countries. The formed coke process 
which has been developed in Central Fuel Re¬ 
search Institute shows good promise. Pilot plant 
stage work has been completed and a semi-com¬ 
mercial plant has also been approved, t This 
project should be treated as an R. & D. project 
and the products manufactured in this project 
should be subject to intensive trials in blast fur- 
nances. The Committee recommends that a time- 
bound programme for the development of the 
formed coke process based on non-coking coals 
from different coalfields of India should be 
drawn up and the project carefully followed pp. 
Besides conserving the coking coal reserves, the 
development of formed coke for commercial use 
in the steel industry would enable the dispersal 
of the steel melting capacity in the counh 7 as 
our iron ore reserves and non-coking coal re¬ 
serves are more widely dispersed than our cok¬ 
ing coal reserves. 

Secondary conversion processes in bO industry 

12.15. As indicated earlier (See Chapter VTO) 
India’s requirement of oil products will be rising 
rapidly even if measures for curbing the demand 
in several areas suggested in this Report Were 
implemented. One of the results of the oil policy 
suggested in this Report would be that the con¬ 
sumption of oil products in sectors where jt can 
be replaced by coal would be severely restricted; 


f This was recomins^Jc^t In our earlier Report “Fuel Policy 
for the Seventies" May 1972 and tfto project was appro¬ 
ved in August, 1973. 
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as such areas pertain mostly to the use of fuel 
oil, the pattern of consumption of oil products 
that would emerge would imply a relatively 
larger rate of growth of the middle distillates 
and light ends than the heavy ends. The pro¬ 
gramming exercises based on the current rela¬ 
tive price of crude and oil products indicate that 
it would be economically sensible, in the coming 
years, to undertake secondary processing of 
heavy ends to convert these to middle distillates 
and/or light ends. For this, both hydro-cracker 
and catalytic cracking can be used. While cata¬ 
lytic cracking process has been in use in the 
country, we have no experience in* operating 
hydro-cracking plants. The Committee feels that 
in the Fifth Plan and thereafter India will have 
to adopt large scale secondary processing of 
heavy end products in the refinery by adopting 
ehher -hydro-cracking or catalytic cracking. Both 
technologies have their relevance and the choice 
would depend on the products in demand and 
the costs of hydrogen production in the area. It 
is- necessary that these technologies now obtained 
from abroad should be developed further in the 
country. There is scope for modifying the pro¬ 
cess to suit the specific needs of our country in 
future, /t is necessary that development work on 
hydro-cracking be speeded up so that the design¬ 
ing. manufacture of suitable catalysts, construc¬ 
tion and efficient operation of secondary proces¬ 
sing plants could he managed with indigenous 
skills. 

Utilization of natural gas 

12.16. As indicated in Chapter IV. the chances 
of finding large quantities of natural gas in areas 
under lease in other countries is bright. In the 
event of India resorting to import of LNG and 
using it as a source of chemicals and/or energy, 
certain technological preparations are necessary 
in the country. Inputs in this regard should be 
examined even now and suitable R. & D. efforts 
taken to cope with the tasks if the country were 
to face such a situation. 

Conversion of coal to oil 

12.17. The increasing price of crude oil from 
the Middle East and the diminishing ratio of 
proved reserves to total crude consumption has 
revived the interest in all developed countries 
in the commercialisation of converting coal to 
oil. Coal-oil conversion was a technological pos¬ 
sibility known for a long time. Basically direct 
conversion of coal to oil is a problem of addi¬ 
tion of hydrogen and removal of inerts such as 
ash, oxygen, nitrogen and sulphur. Coal contains 
on an average 5 per cent hydrogen as against 12 
per cent in crude oil and upto 17 per cent in 
various other petroleum products. A derivative 
of coal distillation viz. tar produced at lower 
temperatures has approximately 8 per cent of hy¬ 
drogen which is the nearest to crude and rela¬ 
tively easy to convert to oil products. The chemi¬ 


cal structure of coal however is complicated and 
the molecules are large compared to those in oil. 
Therefore, the addition of hydrogen has to be 
done simultaneously with the splitting of the 
coal molecules. This could be achieved only in 
the presence of suitable catalysts at a very high 
pressure (250 to 500 atmosphere). Several 
hydrogenation processes are under investigation 
in developed countries. An alternative route to 
oil products is by the versatile ‘Fischer Troi»ch 
Synthesis’ method. In this process, it is not coal 
but carbon monoxide and hydrogen produced by 
steam-oxygen gasification of coal (exactly as in 
the case of fertilizer production) are reacted oyer 
a catalyst upto a pressure of about 30 atmos¬ 
phere. The gas has to be extremely pure. De¬ 
pending on the conditions and catalyst used, it 
is possible to produce a wide range of hydro¬ 
carbons and chemicals. 

12.18. Though several organizations have been 
doing research and development work for a 
number of years the only commercial scale plant 
to produce oil from coal is operated by Sasol in 
the Republic ot Soutli Africa This plant is 
based on the Fischer Tropsch process and its 
important products are gasoline, diesel fuels and 
waxes. During the Second World War, Germany 
produced 4 million tonnes of oil by the hydro¬ 
genation of coal and tar; after the war, these 
plants were first adapted to process petroleum 
residues and later even the adapted units were 
abandoned gradually as they became unecono¬ 
mic. 

12.19. At different periods, the Government of 
India have investigated the feasibility of pro¬ 
duction of oil from coal. At the instance of late 
Sir J. C. Ghosh. M/s, Koppers Corporation of 
USA and M/s. Lurgi had carried out separate 
studies in 1948. The results of these studtos in¬ 
dicated that possibly the optimum results could 
be obtained by combining hydrogenation with 
‘Fischer Tropsch Synthesis’. A site was chosen 
in the Raniganj coalfield for production of 
domestic coke, hydrogenation of tar and F.T. 
Synthesis using the char fines. The project en¬ 
visaged an investment of S 7,2 million in 1949 
for production of 150,000 tonnes of tar hydro¬ 
genation and chemical products annually. But 
the investment was deferred. In 1955, another 
Committee again under Dr. Ghosh, went into the 
problem of conversion of coal to oil. taking into 
consideration the changed pattern of demand for 
oil products In the earlier studies, aviation gaso¬ 
line and motor gasoline were primary objectives. 
In the 1955 study, middle distillates became the 
primary objective. The Committee came to the 
conclusion that combination of tar hydrogena¬ 
tion with domestic coke production could be the 
most economic approach. Again investment was 
deferred. In 1958, CFRI made a further study of 
the problems of coal conversion and updated 
the Ghosh Committee data. The conclusions were 
similar to those of 1955. 
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12.20. CFRI undertook research in the Sixties 
on hydrogenation of Assam coal. Assam coal 
with low ash content was found to be the most 
amenable to hydrogenation. In 1969, CFRI pre¬ 
pared a feasibility study on the potentiality of 
conversion of Assam coal to oil products and 
chemicals by hydrogenation. Although the pro¬ 
cesses are not basically very different from those 
used in Germany during the War, there are 
major changes in approach, product patterns 
and scale of equipment in view of major deve¬ 
lopments in high-pressure technology, gas com¬ 
pression and other fields of engineering and 
technology. The estimated cost under Indian con¬ 
ditions range between Rs 150 crores to Rs. 250 
crores for an annual capacity of about 1.5 mil¬ 
lion tonnes of oil products with varying degrees 
of secondary processing of products but with¬ 
out units for conversion of chemicals further 
downstream. Efforts to initiate work to produce 
oil from coal have been pursued for over two 
decades even in our own country, though nothing 
concrete has so far come out of this. Every time, 
the question is examined in a somewhat limited 
perspective and action is deferred when the final 
picture of the task and its dimensions are 
realised. It is necessary that in the context of the 
latest review of our energy situation, the rising 
demand for oil products, the limited success in 
our oil exploration efforts and the increasing 
price as well as insecurity of obtaining oil from 
the international market, a well thougtout long¬ 
term programme for development of coal-oil con¬ 
version technology should be drawn up. This 
should be based on a review of the success 
achieved in following the diverse routes for coal- 
oil conversion by various agencies in other coun¬ 
tries as well as in our country and the product 
mix that would be relevant to our long-term 
demand and supply situation in respect of oil 
products. 

12.21. The basic implications of the various 
possible technologies on coal-oil conversion have 
to be kept in view. The simplest and possibly the 
lowest investment route for conversion of coal 
to oil is pyrolysis i.e. hydrogenation of tar. But 
the production of tar in adequate quantities 
would prove a great hurdle in adopting this pro¬ 
cess. Conversion of tar to oil is approximately 
80 per cent by weight (and 100 per cent by 
volume). To get one million tonne of oil by this 
route, we require 1.25 mt. of tar. Distillation of 
coal in any of the known processes produces 
only 8 to 12 per cent of tar, the higher figure 
being claimed for certain new processes develop¬ 
ed abroad. To get 1.2 mt. of tar, over 10 mt. 
capacity for coal carbonisation and the develop¬ 
ment of market for the coke has to precede the 
establishment of a capacity of one million tonne 
of oil production based on pyrolysis of tar. In¬ 
vestment required for carbonisation of one mil¬ 
lion tonnes of coal may be nearly Rs. 30 crores. 
The process by itself therefore is not likely to 


be of any significance in the next two decades in 
supplementing of oil availability. 

12.22. Coal hydrogenation can be effected in 
two ways— 

(a) by solvent refining of coal with mini¬ 
mum hydrogenation, yielding an ash 
and sulphur free heavy end oil products 
or 

(b) pressure hydrogenation of coal (varia¬ 
tion of Berjius or Pott-Boche process) 
already studied by CFRI and advocated 
for Assam coals. 

The former process has been studied in U.S. 
mostly to obtain pollution free fuel for power 
stations. 

The process investigated by CFRI involves 
the conversion of 2 to 3 tonnes of coal to a 
tonne of liquid fuels. Here the major element of 
the investment costs are those for producing 
hydrogen and for setting up pressure vessels. The 
process also calls for good quality coals with ash 
content not exceeding 15 per cent with low oxy¬ 
gen and moisture content and liaving as much 
vitrinite as possible. Assam coals and next the 
Raniganj coals are found to be the most suitable. 
Other coals, though not impossible to be hydro¬ 
genated will involve higher costs due to lower 
conversion yields. 

Fischer Tropsch process has the advantage 
that it can use even inferior grade coals con¬ 
taining 30—35 per cent ash. Over 70 per cent 
of the investment costs are for generation and 
purification of synthesis gas. But the process 
would require 5.6 tonnes of coal per tonne of 
liquid product (inclusive of coal for power gene¬ 
ration, it may require 8 to 9 tonnes). The process 
is also a heavy consumer of water. The capital 
costs for F.T. process plants may be of the same 
order as the coal hydrogenation plant but recur¬ 
ring costs are likely to be higher in the case of 
F.T. process which may be to some extent com¬ 
pensated by the quality and versatility of the 
products obtainable in the F.T. process. 

12.22. In the absence of experience on com¬ 
mercial scale operations in any place (other than 
South Africa) and the uncertainties regarding 
several parameters of production, it would be 
diflacult to hazard a guess as to when and at 
what price of crude, the coal-oil processes would 
become economical in India. It is, however, 
likely that some of the newly developed pro¬ 
cess for conversion of coal to oil may soon 
prove economical if the present high prices ' 
crude oil continue. In any case, as a measure o" 
security for a country like India with a large 
potential demand of petroleum products, there 
is an urgent need to make a beginning as soon 
as possible for installing a reasonably sized unit 
for conversion of coal to liquid, products. The 
studies also indicate that coal to oil process 
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either by Fischer Tropsch Synthesis or by coal 
hydrogenation can be made more attractive by 
designing a suitable product-mix with a substan¬ 
tial part in the form of chemicals of high unit 
value. It is relevant to note that the National 
Coal Board. U.K., had worked out early in 1973 
a proposal for a “Coal-Plex”—concept that 
would convert coal into fuels and chemical feed* 
stocks. Steps should, therefore, be taken to create 
indigenous process and design capabilities and 
for training of personnel in all the promising 
coal-oil conversion processes, namely, hydroge¬ 
nation through laboratory and pilot plant studies 
on an adequate scale. The Committee is, there¬ 
fore, of the opinion that studies should be made 
of the different product patterns possible using 
various coal-oil conversion technologies now 
available using different ^Indian coals and keep¬ 
ing in view the demand for the products. De¬ 
monstration plants and pilot plants of critical 
size should be set up to study alternative product 
pattern and product yield ratios and to ascertain 
the optimum combination of design parameters 
for a full size commercial plant that would suit 
the Indian conditions. Considering the amount of 
money and effort spent on the development of 
this technology in different developed countries, 
we should conciously select the areas where the 
R. & D. effort, in India make meaningful con- 
tribution. As there are a number of research 
and educational organisations engaged in the 
study of different aspects of chemistry, metal¬ 
lurgy, catalyst technology and high pressure 
technology which could make a contribution to 
thiis effort, the Committee recommends that a 
competent group should be formed to select 
possible areas for future work, assign this work 
to different organisations and to monitor the 
entire R- & D. effort in this direction. 

Coal gasification technology 

12.23. The possibility of using coal gas in place 
of fuel oil in industries and in place of kerosene 
used in the domestic sector has been examined on 
several occasions. In India, we have made some 
progress in the use of coal (via coal gas) in place 
bf oil products as feedstock for the nitrogenous 
fertilizer industry. The use of coal gas in the 
domestic sector has not become economically 
viable on account of the need to supply coal gas 
as a pipeline gas to each household (coal gas 
cannot be bot&d like LPG and transported). 
The investment costs on the pipeline are so large 
that unless the volume of gas required is also 
large, the cost of coal-gas at the consumer end 
becomes comparatively higher than the costs of 
other fuel forms. The lack of demand for space 
heating, as in other developed countries, makes 
the domestic demand for coal gas rather viable 
(compared to the size of a commercially viable 
coal gas plant) even in big cities. However, in 
places like Bombay, which are separated from the 
hearest coalfields by the Western Ghats which 
increase the cost of the movement of coal by 
rail, there may be a case for transporting coal 


gas by pipeline, provided full advantage of such 
economies as are available in coal gas trans¬ 
portation could be derived by converting a large 
number of oil-product users to the use of coal. 
Coal can be gasified into Synthetic Natural Gas 
(SNG) on the pithead and transported as gas to 
Bombay where all the energy users like Industry, 
Power Houses and Domestic consumers could 
be made to use SNG as a primary fuel for all 
their energy needs. This could become econo¬ 
mical in the eighties if planning is done from 
now on. The adoption of this possibility wiU 
depend on our developing SNG gasification and 
transportation techniques suitable for Indian coal 
and conditions. The number of gasification tech¬ 
niques like Hygas, fiigas and Synthene process, 
etc., have been developed in other countries. We 
should make an evaluatma of the suitability of 
these processes in the Indian conditions and 
develop the particular gasification route that 
would be to our best advantage. The Committee 
therefore recommends that R. & D. work- on 
coal gasification and pipeline transport of coal 
gas should be undertaken from now on. {See 
Chapter VII on gasification of coal). 

R & D for domestic sector fuel supply 

12.24. In the domestic sector the long-term 
need of energy can be met at the minimum social 
cost by increasing the efiBciency of fuel utilisa¬ 
tion in the domestic hearth, by reducing the 
level of use of oil products as well as forest fuels 
and substituting in their place cheap domestic 
fuels derived from coal. Studies conducted by 
the Indian Institute of Petroleum and the Cen¬ 
tral Fuel Research Institute indicate that signi¬ 
ficant economies are possible in the consumjp- 
tion of kerosene or soft coke in the domestic 
sector by merely changing the design parameters 
of the cooking appliances currently used. In view 
of the very large quantities of commercial fuels 
as well as non-commercial fuels used in the 
domcsic sector, it is necessary to immediately 
chalk out a comprehensive programme for inten¬ 
sive development work in the optimisation of 
design of cooking and heating appliances manu¬ 
factured in the country. This programme should 
be implemented by a Group consisting of the 
Indian Institute of Petroleum, Central Fuel Re¬ 
search Institute, Indian Standards Institution 
and representatives of the manufacturers of 
domestic appliances. 

12.25. The substitution of kerosene by coal is 
possible if coal is refined to a solid domestic 
fuel or gasified and supplied as ^^line gas or 
converted into a liquid. The possibilities of use 
of coal gas in the domestic sector has been dis¬ 
cussed earlier. The substitution of kerosene by 
solid domestic fuel may not be possible in metro¬ 
politan areas and highly urbanised areas where 
the consumer preference may be for fuel on tap 
like gas or more convenient fuel forms merely 
liquid fuels. There is scope for supplying a large 
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number of consumers in small urban towns with 
solid smokeless fuel in place of kerosene or fire¬ 
wood or charcoal. Several methods of producing 
solid domestic smokeless fuels have been studied 
in CFRI and Regional Research Laboratory, 
Hyderabad. Basically, these processes involve 
carbonisation of coal whereby the volatiles are 
removed from coal. The economics of the plant 
improves with the extent of bye-product recovery 
during carbonisation but the scale economy of 
bye-product recovery is such that this can be 
considered only in plants which carbonise about 
1,000 tonnes of coal per day producing about 
660 tonnes of domestic coke. Such a level of 
production can supply the fuel needs of over 9 
lakh population. A plant of this size with mini¬ 
mal bye-product recovery will cost nearly Rs. 12 
crores and the cost of production of coke based 
on coal at Rs. 60 per tonne will be nearly Rs. 250 
per tonne. The investment requirements for a 
low temperature carbonisation plant to supply 
the requirements of one family will be around 
Rs. 650 The two processes developed by the 
Central Fuel Research Institute and Regional 
Research Laboratory. Hyderabad, difier some¬ 
what as the former is heated both externally and 
internally whereas the latter is totally an internal 
heating process. The Regional Research Labora¬ 
tory. Hyderabad, process gives only solid smoke¬ 
less fuels while Central Fuel Research Institute 
process gives only solid yields both solid fuels 
and gas. The Committee feels that both these 
processes are relevant in the Indian context and 
that the choice of the process should depend on 
the requirements of a particular city or area 
and the quality of coal available. But the econo¬ 
mics of these units are such that at least during 
the Fifth and the Sixth Plan periods, they could 
be used only to supply the needs of major cities 
with the population of over one million. 

12.26. The Committee would like to empha¬ 
sise the importance of developing processes for 
production of cheap domestic fuels which can 
be used in smaller towns as well as in rural 
areas by sections of the population which today 
use non-commercial fuels. A number of processes 
have been evolved by the CFRI like the “moving 
bed devolatizer” and “volatised coke iwocess” 
and “briquet curing process”. The plant size 
based on this process may be about 100 tonnes 
of coal throughout a day and the cost of sup¬ 
plying the needs of one family might come down 
to nearly Rs. 150 but these are based on the 
use of coals with low caking index. These pro¬ 
cesses are suitable for towns with a population 
of around one lakh, especiajly those which are 
near the coalfields where such coal is available. 

R & D in saving oil in power sector 

12.27. In the power sector, the use of oil as 
an auxiliary fuel for coal based generating plant 
is increasing. In these plants, fuel oil or LDO 
is required as an auxiliary fuel whenever there 
is need to light-up the boiler, supp«»rt the flame 


during the low load operations and to stabilise 
the flame when there are variations in the quality 
of coal. The possibilities of reducing the oil re¬ 
quirements by better load scheduling have been 
discussed in Chapter IX. Research and Develop¬ 
ment must be taken up to evolve boiler designs 
which will avoid the use of oil support even 
when the load on the boiler is as low as' 20 to 
30 per cent of its capacity. It also appears pos¬ 
sible to use a coal gasification or a producer gas 
plant in conjunction with the thermal plant so 
that gas could be used in place of oil whenever 
there is. need for an auxiliary fuel support. Suit¬ 
able design and process flow have to be develop¬ 
ed for using coal gas in place of oil as auxiliary 
fuel. 

R & D to save oil in industries sector 

12.28. In respect of industrial boilers, thbre is 
need for developing package fluidised bed-boilers 
to be used in small industries who now use fuel 
oil in view of its compactness of design and con¬ 
venience. This work can be taken up by the 
Public Sector power equipment manufacturers 
like BHEL in collaboration with the CFRI and 
CMERI. 

R & D in nuclear power technology 

12 29. The most promising long-term solution 
to the problem of depletion of fossil fuels ap¬ 
pears to be the development of a commercial 
scale fast breeder reactor (FBR). Nuclear power 
plants are based on the use of heat generated 
while splitting the atom. But the fissile material— 
natural substances which readily undergo fission 
like Uranium 235—are known to be available 
in limited quantities only. The solution to the 
shortage of fissile material is to have ; nuclear 
reactors which simultaneously “breed” or pro¬ 
duce fissile material while consuming some fis¬ 
sile material. Even the quclear reactors of the 
kinds now operated produce fissle material viz., 
plutonium. But, in a Fast Breeder Reactor, the 
quantity of fissile material produced will be larger 
than the fissile material consumed. This is achiev¬ 
ed by using a fuel which contains both fissile 
material (like U-235 or plutonium) and fertile 
material (like thorium) and making the fuel react 
under conditions in which an adqeuate number 
of neutrons are released which react with the 
fertile material and produce fissile material which 
more than replaces the fissile material lost in the 
first reaction. India is richly endowed with tho¬ 
rium, Once wc have adequate stock of plutonium 
and the technology of FBR based on the use of 
thorium-plutonium fuel is available, we should 
have no shortage of indigenous nuclear fuels for 
a number of decades. Therefore, the strategy of 
our nuclear programme to produce plutonium in 
the heavywater type reactors which could later 
be used with thorium in FBRs is the appropriate 
one for the country. The Committee is aware of 
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the large problems of construction materials, anti- 
pollution devices and safety devices and cans- 
truction costs which are yet to be resolved be¬ 
fore FBR’s could be commercially operated. 
Even so. considerihg that very large investments 
are being made in U.S.A., U.K., Germany and 
Japan, besides India, on the development of 
commercially viable FBR's, it is indicative of the 
general expectation that the difficulties in the 
construction of FBR’s will be resolved very soon. 

12.30. The Committee will, however, empha¬ 
sise that the real success of our nuclear pro¬ 
gramme lies in developing our FBR as early as 
possible. The time-bound programme outlined in 
the nuclear plan for the seventies has not pro¬ 
gressed as per the earlier expectations. We should 
not draw up a revised programme in the light of 
the experience gained so far and emphasise in 
the programme the development of FBR as cen¬ 
tral to our nuclear strategy. The Committee also 
recognizes the fact that once the Fast Breeder 
Reactor is developed, the possibilty of construct¬ 
ing the Fast Breeder power stations will depend 
on the availability of plutonium, which is pro¬ 
duced in the first generation heavywater power 
stations. This makes it desirable to build an ade¬ 
quate number of heavy water power stations be¬ 
fore fast breeders can pick momentum. 

Energy from waste products 

12.31. Technical literature published abroad 
points to the possibility of production of useful 
energy and fuels through the efficient disposal of 
urban waste by incineration or exidation tech¬ 
niques or by pyrolysis. But adequate research 
has not been done in India to make an evalua¬ 
tion of the commercial possibilities of this pro¬ 
cess. It is necessary now to take up this work 
in view also of the several social advantages ob¬ 
tainable by the disopsal of waste products. 

The concept of multiple use of cowdung to pro¬ 
duce fuel in the form of Methane gas simulta¬ 
neously with high quality manure by means of 
Gobar Gas Plant has been known in India for 
more than 30 years but the use has been inhi¬ 
bited by (a) high cost of the plant; and (b) in¬ 
convenience in its maintenance. 

The gobar-gas plants now in use, produce 
about 13 standard cubic feet of gas of about 550 
BTU/Sc ft. from the use of dry dung from one 
animal. The cost of a plant capable of using the 
dung from five animals is reported to be Rs. 
2500 per plant. 

R & D work on the following problems are 
necessary to make the use of Gobar Gas Plants 
more economical: — 

(1) to work out better and cheaper plant 

designs using, wherever possible, local 
or easily available materials: 

(2) to evolve cheaper designs and materials 

for gas holders and to improve the effi¬ 
ciency of burners; 


(3) to evolve more effective techniques of 

maintenance; 

(4) to understand fermentation chemistry 

and conditions which influence greater 
and preferential generation of Methane 
and microbial action so as to devise 
means of increasing gas production and 
maintaining gas production during win- 
er when microbial activity tends to be 
slow. 

R & D in non-conventional energy forms 

12.32. A number of energy sources, which 
have not been considered of any practical signi¬ 
ficance as sources of supply of enery to man¬ 
kind, have recently acquired importance in view 
of their renewabihty, pollution tree production 
possibility and, more recently, the very high in¬ 
creases in oil prices. The more important among 
the non-conventional energy sources are solar 
energy, geothermal energy, wind power, tidal 
power and chemical energy. The energy obtained 
from these sources except under very special con¬ 
ditions and in limited quantities appears to be 
comparatively of much higher cost. Even in the 
foreseeable future—upto 1990-91 covered in this 
Report—the possibilities of any of these energy 
sources contributing any significant share of our 
energy needs appear remote. Even so these energy 
forms are likely to acquire practical significance 
sometime in future and it is therefore desirable 
that research and development in these areas are 
kept up in the country. 

R & D on solar energy 

12.33. The special merit of solar energy over 
other energy form lies in the fact that it is 
abundantly available all over the country and that 
it is inexhaustible. But this energy is available 
in a very dilute form—the average intensity of 
solar radiation is around 600 calories per square 
centimeter in India. If this energy is to be used 
for purposes for which fossil fuels or electricity 
are now used, solar energy as available should 
be concentrated by using collectors and concen¬ 
trators. The high cost of solar energy in any 
usable forms, is due to the cost involved in set¬ 
ting up the collectors and concentrators and in 
adjusting their position to enable them to get 
the best impact of the solar radiation through¬ 
out the day and in all seasons of the year. 

12.34. R & D in India may be concentrated 
on— 

(a) the development of thin-fUm technology 
to produce cooled surfaces which could 
be used as collectors and concentrators 
of solar radiation, thus reducing the 
costs. 

(b) the possibilities of using solar energy 
to convert animal waste, agricultural 
waste and algae into gaseous fuels and 
methane. 
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(c) developing low cost solar water heaters. 

(d) developing solar distillation and de¬ 
salination units for use in arid rural 
areas. 

(e) developing techniques for. fhe optimal 
use of solar energy fof drying and Sto¬ 
rage of grain, wood and hay and car- 
conditioning. 

R & D in geo-tbwiiui} ene^ 

12.35; Geothermal energy has only limited 
possilnlities in India (See Chapter IV). The deve¬ 
lopment work relevant to'our country appears to 
be the setting up small capacity steam turbines 
^ Puga or other centres, where geothermal ex¬ 
plorations &rfc hearing completion, so as to en¬ 
able collection of operational details, 

R & D tor u#ig wind power 

12136. Wind-power utilisation has only limited 
^Ssibilities in India; (See‘Chapter IV). Horl^eVer, 
further dfevdopment work for installing wind- 
millsf * in fcWtfr forms lor pumping and power 
generation is recommended, as it would enable 
the collection of cost data required to evaluate 
the possibilities of wind-power utilisation. Deve¬ 
lopment of 5 td 10 kW wind electricity genera¬ 
tors could al^o be taken up in India. 

R & D tor uang tidal power 

12.37. The data on the extent of useful energy 
that could be obtained from tidal power and the 
costs involved in utilising this is inadequate at 
present. The only further work that could be 
recommended at this stage is the collection of 
more data on tidal movements and the prepara¬ 
tion of feasibility reports with regard to specific 
coastal locations, 

R & D tor chemical sources of energy 

12.38. There are possibilities of developing 
battery powered light vehicles. This project can 
be successful only through the adoption of all the 
latest technological advances and not by the mere 
replacement of existing petrol engine by an elec¬ 
tric powerpack. Development work on this is 
recommended. 


12.39. The electrificafio-n of villages which have' 
sparse population, say below 500. and are remote 
from other villages has proved to be prohibitively 
costly and such villages have remained unelectri¬ 
fied so far. Such villages can utilise fuel-cells to 
obtain their power needs. As fuel cell technology 
is still not adequately developed, further work on 
this will be of use. 

Priorities in the technology plan 

12.40. Though research and development is 
possible in a number of areas as discussed above, 
the importance to be given to specific problems 
and the priorities tp be assigned will depend on 
the likely benefit cost ratios of the different R & 
D options and the magnitude of energy supply 
saving or substitution that is possible in each 
option. The data available on the costs of diffe¬ 
rent options and even of the state of the arts in 
each area is so inadequate that the Committee 
could not make any meaningful comparison of 
the possible benefit cost ratio of the different op¬ 
tions and assign priorities. In a broad qualitative 
sense, we agree that the development of non- 
cODventional energy forms is unlikely to provide 
any large measure of energy supply in the iiext 
two decades. Among the other options, the im¬ 
portant ones are the following: 

1. Development of Fast Ereader Reactor. 

2. Development of Boiler Designs to reduce 

oil consumption in Thermal power gene¬ 
ration plants. 

3. Fluidised bed technologyjDevelopment 
of Commercial power generating plants 
based on this- 

4. Development of SNG production and 
transport technologies suitable for Indian 
conditions. 

5. Development of technologies for manu¬ 
facture of cheap smokeless fuels for use 
in the domestic sector. 

It is of course necessary to have a cornpetent 
group to coordinate the R & D efforts in the 
energy sector which will keep under review the 
progress registered in the different areas and ad¬ 
just the priorities from time to time to enable 
the best results to be obtained. 
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CHAPTER XUI 

SUMMARY OF RECOMMENDATIONS 


Demand for energy 

1. In estimating the demand for fuels the Com¬ 
mittee took note of the “Long Term Perspective” 
of the Eidian Economy set out in Fifth Five-Year 
Plan; The Committee has estimated three levels 
of demand for energy, viz — 

CASE—^I; assuming that the relative prices 
of fuel will continue to be the same in 
future and that technology shifts would 
follow the same trends as in the past*; 

CASE—II: assmning an intermediate level 
between Case-I and Case-III which is 
considered possible of achievement un¬ 
der most of the foreseeable set of condi¬ 
tions; and 

CASE—III: assuming that the relative price 
of oil products and other fuels will con¬ 


tinue to be in ‘the sjiine state as in the 
first quarter of 1974 and that the mea¬ 
sures indicated in the report for iimrcas- 
ing fuel eflSciency and for substituting oil 
products by other ftiels in areas which 
are viable and desirable on techno-eco¬ 
nomic considerations are implemented 
as suggested. 

(paras 3.8—3.10) 

Case-II has been referred to as the normal case 
while discussing policy issues relating to specific 
fuels, but the Committee's reconmendations are 
that effort^ should be made to bring the demand 
in line with the estimates made in Case-^IL The 
requirements of the different commercial fuel^ as 
estimated by the Committee are indicate in the 
Table below; — 


CoBBtiming Sector 


Ooftl 
(Millon Tonnes) 


Oil Prodnots 
(Million Tonne*) 


Bte^trioity 

(ItHlIion k\Vb) 



/ ' 

- 1^1 

CJ^E 



CASE 

-- 

CASE 


I 

11 

III 

i ■ 

1 

II 

ni 

1 

11 

nr 




1978-70 






Energy use 

.. 132'0 

137-8 

142-8 

26-7 

24-6 

22-7 

120 

124 

128' 

YonrEnergy use 

30 

30 

30 

7-7 

7-7 

7-7 




Total 

.. 13S'0 

140-8 

148-6 

34-4 

32-2 

30-4 

120 

124 

128 




1983-84 






Energy use 

.. 196'0 

203-8 

210-4 

37-0 

33-2 

29-9 

199 

205 

211 

Non-Energy use 

.. 60 

7-0 

8-0 

10-8 

9-4 

9-0 




Total 

201-0 

210-8 

218-4 

47-8 

42-6 

38-9 

199 

205 

211 




1990-91 






Energy use 

330-0 

342-0 

362-9 

01-0 

52-6 

44-0 

385 

392 

398 

Non-Energy use 

9-0 

10-6 

12-0 

16-6 

14-2 

12-2 




Total 

339-0 

362-6 

304-9 

77-6 

08-7 

66-8 

385 

392 

398 


(Para 3-35) 

•With certain adjustments in the trends of consumption of fuel oil, to correct for the increased use af fuel oil in the early 
seventies due to lack of coal supplies. 
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The estimates of demand fof nbn-ccritnmefcial fuels are as follows; — 


1078-70 1983-84 1990-91 

fuel ^ ---jw---— MM . - 





In mt 

In mtor 

In mt In motr 

In mt 

In mtor 

firewood and Charcoal .. . 



132 

126 

131 

124 

122 

116 

cake (dry) 

* 

, , 

66 

26 

65 

26 

63 

21 

YegetaUe waste 

* 

.. 

46 

44 

46 

44 

46 

44 


(Para 3*36) 


lUsnves of coal 

2. A summary of the total gross reserves of the 
(liSerent varieties of coal is given below: 

Summetry of reserves of coal available in India 
(In million tonnes) 



Total 

Proved Indica- 

Infer- 


Gross 

Reser- 

ted 

red 


Beser- 

vea 

Reser- 

Reser- 


vea 


vee 

ves 

1. OodtingCoal 





Pruqe cooking coal .. 

6660 

3660 

1640 

460 

Medium cooking ooa| 

9431 

3860 

4309 

1272 

Semi to weekly coking 
coal 

6073 

1669 

2600 

914 

Total coking coal 

20164 

9069 

8449 

2646 

2. Non-cooking coal 





Non-cooking coal • - 

699681 

12306 

22310 

26180 

Tertiary coal 

828 J 




3. lAgtUie 





Lignite ,. 

2026 

1796 

202 

28 

Gbahd Total 

82076 

23160 

30961 

28864 


Our coking coal reserves will be able to sustain 
the growing requirement of the steel industry for 
a period of about 40 years only. On very rough 
calculation, it may be stated that the reserves of 
non-coking coal that have been categorised so 
far would last for about 100 to 150 years. 

(paras 4.2. 4.3 and 4.4) 

Oil reserve 

3. In the oil prospect map Of India, 21 basins 
have been delineated on land and off-shore cover¬ 
ing a total sedimentary area of about 1.41 million 
sq kip ph land and about 0.26 million sq km 
lying with the lOO meter isobath of shelf-zone in 
the Indian off-shore. The well studied oil bear¬ 
ing area constitutes about 4 per cent of the total 


area of the Indian sedimentary basins which 
could be the habitat for oil. The proved reserves 
of crude oil and natural gas are shown in Table 
below: — 

Reserve of crude and natural gas 


Area 


Crude Oil 
(In million 
tonnes) 


Natural Gas 
(In billion 
Cubic 
Metres) 


Gujarat 

Assam 


66-38 

71-46 


19-66 

42-82 


Total 


127-84 


62-48 


(Paras 4-9, 4-10 and 4-12) 

Hydro-electric potential 

4. The economically usable hydro electric po¬ 
tential estimated for each of these river systems 
and its State-wise distribution is given in Table 
below: — 

Statewise distribution of power potential 


state 


MW at 60% 
LF 


1. Andhra Pradesh 

2. Aisam (including Meghalaya, Nagaland 

Mizooram) 

3. Bihar 

4. Gujarat 

6. Jammu ft Kashmir 

6. Kerala 

7. Madhya Pradesh 

8. Madras 

9. Maharashtra 

10. Mysore 

11. Orissa 

12. Punjab ft Haryana 

13. Rajasthan 

14. Uttar Pradesh 
16. West Bengal 

16. Himachal Pradesh 

17. Manipur .. 

Total 


2,476-6 

11,699-4 

609-7 

677-0 

3,590-6 

1,639-6 

4.682-3 

708-2 

1,909-6 

3,372-8 

2,062-0 

1,360-5 

149-0 

3,764-0 

22-0 

1,867-6 

866-0 

41,1.66-6 


Source; Central Water and Power Commis¬ 
sion. 










The Power Economy Committee expressed the 
view that “on the basis of the latest information 
regarding hydel energy resources and their econo¬ 
mics of development, it would be possible to 
instal about 80 to 100 million kW of hydel capa¬ 
city on our river systems during the next two to 

three decades.In the absence of details this 

Committee has taken note of the hydel potential 
as indicated by CW & PC. The Committee 
would recommend that a more systematic delinea¬ 
tion of our hydro-electric potential should be 
taken up as soon as possible. 

(para 4.20) 

Cranium reserves 

5. The reasonably well assured uranium resour¬ 
ces in India are about 22,000 Te UaOs with an 
additional inferred reserves of 24,000 Te UaOs 
Once these fast breeder reactors come on line by 
1985-90, they will produce more plutonium than 
they would burn, and then the uranium resour¬ 
ces available in India would be able to support 
about 600,000 to 10,00,000 MW of installed 
capacity for a life time of 30 years. Thus, the 
potentially available energy from the presently 
known uranium deposits in India would amount 
to amount 120x10^ to 200x10^ billion kWh of 
electricity. 

(paras 4.23 and 4.24) 

Energy perspective beyond 1990-91 

6. The considerations described above .suggest 
that the rate of growth of energy demand in the 
period beyond 1990-91 may not be as high as 
the projected rate of growth of energy demand 
upto 1990-91 and certainly not as high as the 
growth rates observed over the past two decades. 

(para 6.11) 

Regional energy policy 

7. If the objective is to achieve a more balanc¬ 
ed per capita total commercial energy consump¬ 
tion by 1990-91, there should be a well conceived 
policy towards regional development which will 
take note of the divergences in resource endow¬ 
ments. The region-wise energy policy should be 
a part of a well conceived regional development 
strategy. 

(para 5.16) 

Review of policy 

8. It is necessary to keep the energy policy 
under periods review and to effect changes where- 
ever necessary. If the energy plans and policies 
are to be operationally meaningful, they should 
be reviewed periodically at least once in three 
years, and the planning horizon extended at each 
time to 15 years. 

(para 6.22) 

Organization to implenieiit a coherent ftiel policy 

9. The implementation of the recommendations 
of the Fuel Policy Committee which call for co¬ 
ordinated action by several Ministries and agen¬ 


cies of the Government. An ideal organizational 
arrangement for this will be the setting up of an 
Energy Commission clothed with adequate 
powers and maimed by suitable talents which 
can be entrusted with the responsibility for the 
periodic review of the energy situation and for 
pla nnin g for optimal production and distribution 
of the different fuels. However, it is recognised 
that such a Commission will have to take over 
the functions which are now dealt with in several 
Ministries like the Ministry of Irrigation and 
Power, the Department of Mines, the Department 
of Petroleum, the Railway Board and the Plan¬ 
ning Commission. It is also to be recognised that 
the scope of work of the Commission will become 
very large and some of the problems associated 
with large organization will have to be faced by 
the Commission. The need, however, to coordi¬ 
nate the activities of the different agencies of 
Government dealing with energy is very urgent. 
The Committee considers that it would be appro¬ 
priate to immediately set up an Energy Board 
consisting of the Ministers of the concerned 
Ministries supported by a suitably structured 
Secretariat to assist this Board. Such a Board 
would be somewhat different from a Cabi¬ 
net Committee as the Board would have a 
Secretariat which would initiate or undertake 
studies and analysis relevant for the review or 
revision of the fuel poUcy and would not depend 
entirely on the administrative Ministries for such 
studies. 

(paras 6.23 and 6.24) 

Studies on energy policy 

10. Whether a separate Institute of Energy Stu¬ 
dies is set up or the proposed Energy Board 
takes up the work, the working of the ugency 
entrusted with Energy studies, should be oriented 
more towards the arranging for the studies to be 
conducted by different institutions and agencies 
in existence now and coordinating the research 
projects. Any attempt to centralize the research 
efforts relating to energy problems which extend 
over a very large area of economics, science and 
technology under a single institution may prove 
counter-productive. 

(para 6.25) 

Coal Resources 

11. Coal should be considered as the primary 
source of energy in the country for the next few 
decades and the energy policy of the coimtry 
should be designed on this basic premise. 

(para 7.4) 

12. The locational aspect of the coal deposits 
in the country underlines the need for develop¬ 
ing an efficient and adequate transport system 
which would ensure the flow of available fuel 
resources from the points of availability to the 
points of requirements. 


(para 4.8) 
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13. As the prime coking coal resources may get 
exhausted in about 40 years’ time and the medi¬ 
um coking coal after some more time, it is 
necessary that all efforts are taken from now , on 
for the conservation of prime coking coal, in 
particular, and of coking coal, in general. 

(para 7.16) 

14. Detailed investigations should be aimed at 
providing sufficient mineable deposits for the re¬ 
quisite level of production related to the demand 
for coal estimated for 1990-91. 

(para 7.14) 

Production planning 


Coal preparation 

21. In future, there should be only three pro¬ 
duct washeries. 

(para 7.21) 

22. It is necessary to undertake research for 
evolving suitable designs for washeries which are 
best suited for washing Indian coal and which 
would reduce the cost of washing. 

(para 7.22) 

23. In future, there will be need to wash even 
non-coking coal. As the waslung of non-coking 
coal is a costly process, other methods of im¬ 
proving the quality of coal like simple high speci¬ 


15. A careful pefspective of coal production 
should be planned on the basis of the information 
avahable Md suitably action for exploitation 
and mine planning taken in advance in the diffe¬ 
rent coalfields. This perspective plan should be 
followed by preparing a shelf of project reports 
wjfll in advance of each, plan period. The recently 
set up Central Mine Planning and Design Insti¬ 
tute should participate in all activities, connected 
with the formulation and implementation of the 
perspective plan for coal including exploration 
and investigation (in association with the Geolo¬ 
gical Survery of India and Mineral Exploration 
Coloration) of promising areas assessirient of 
their potential over a period of to 25 years, 
suggestion of priorities for development and pre¬ 
liminary feasibility studies of the projects. 

(p.ira 7.14) 

16. Steps should be taken urgently to ensure 
adequate and uninterrupted power supply to the 
collieries and washeries. 

(para 7.14) 

17. Production of the different grades of coking 
coal in future will need to be planned in accord¬ 
ance with the proportion in which they are need¬ 
ed in the steel plants and adequate crushing and 
preparation facilities have to be installed in all 
steel plants. In future, the planning of metallurgi¬ 
cal coal mines and the construction of steel 
plants should be carefully synchronised. 

(para 7.17) 

Coal conservation 

18. There are several technical possibilities of 
cdnserving coking coal. It is necessary that re¬ 
search and development activities in this regard 


fic gravity washing, hand picking of better grades 
and proper sizing by screening etc, should be ex¬ 
plored and the choice of beneficiation decided 
with due regard to consumer requirements, avail¬ 
able grades of coal, the scale of the required 
operations etc, 

(para 7.26) 

24. The coal industry should accept the res¬ 
ponsibility to supply on a long-term basis the re¬ 
quired grade of coal, if necessary, by changing 
the source of coal supply from time to time or 
by blending different grades of coal to make up 
the required grades. 

(para 7.26) 

Coal for power generation 

25. The Linkage Committee should consider 
the loading arrangements at each end and ^ve 
suitable suggestions for loading and unloading 
as part of the finkage. 

(para 7.30) 

26. The Electricity Boards should give greater 
attention to the problems of coal handling and 
storage: optimal stock levels for each plant 
should be worked out with reference to the 
source of coal sujjply, its distance from the 
power plant, reliability of the rail link, the sea¬ 
sonal variations in these factors and in the de¬ 
mand. 

(para 7.30) 

27. In the major power plants, it would be de¬ 
sirable to have arrangements for sizing and pre¬ 
paration of coal before feeding into the boilers 
as this would make it possible to deal with 
possible changes in the quality of coal received. 

foara 7.30) 


are speeded up from now on. 

(para 7.18) 

19. The possibility of projecting large scale 
mechanised open cast mines in Jharia coalfield 
with much higher over-burden to coal ratio needs 
to be studied in depth. 

(para 7.20) 

20. Arrangement for stowing crushed stone 
locally available should be made so as to permit 
underground mining of coal fronr thick seams. 

(para 7.19) 


28. It is necessary to have a suitable pricing 
policy for the use of middlings for power gene¬ 
ration. if such use is to increase as estimated in 
the Report, to about 21 million tonnes by 1990- 
91. 

(para 7.31) 

29. Meaningful plants for thermal power gene¬ 
ration have to be drawn up from now on in a 
coordinated manner with the plans for coal, pro¬ 
duction. especially in respect of the southern 
region. The detailed investigation for coal mines 
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to supply the requirements of the power stations 
should be taken in hand immediately. 

(para 7.33) 

Coal Damps for industrial consumers 

30. If the increasing coal requirements of the 
industrial consumers is to be met satisfactorily, 
coal dumps will have to be set up in all the ma¬ 
jor industrial regions. 

(para 7.34) 

31. The setting up of coal dumps in major in¬ 
dustrial areas will call for coordinated planning 
for movement of coal from the dumps to the con¬ 
sumer points by road alongwith the plans for 
moving coal from the mines to the dumps. 

(para 7.49) 

32. A five-fold increase in the next two decades 
in the requirement of coal for industries calls for 
.detailed industrial location planning from now 
on and the locational plans regarding industries 
should be consistent with the plans for the pro¬ 
duction and movement of coal. 

(para 7.35) 

Coal for the domestic sector 

33. A plan should be drawn up for increased 
movement of soft coke from the Bengal-Bihar 
region to the urban centres in the country. 

(para 7.39) 

Coal for exports 

34. Separate plans for opening up export-based 
coal mines near the ports of Haldia and Para- 
deep may be drawn up. and possibilities of ex¬ 
porting this coa] to Bangladesh and Burma and 
countries in the* Pacific region will have to be 
considered without affecting domestic require¬ 
ments. 

(para 7.40) 

Prodactivity 

35. Studies should be initiated immediately for 
the optimal use and maintenance of machines 
and for training coal mines workers in the use 
and maintenance of equipment. 

(para 7.43) 

Transport 

36. The studies made by the Committee indi¬ 
cate that Railways constitute the most economic 
way of tnoving coal for most of the consuming 
classes and consumer locations in India. Ade¬ 
quate attention should be paid to rail transport 
planning in regard to development of additional 
line capacity, yard capacity and signalling and 
communication which would facilitate speedier 
turn-round of wagons as well as augmentation 
of the wagon fleet. 

(para 7.45) 

37. Serious consideration should be given to 
the problems of coal movement in the Bengal- 


Bihar area and for removal of the factors which 
limit the capacity in the Bengal-Bihar region for 
movement in specific sections towards the nor¬ 
thern. western and southern regions. 

(para 7.46) 

38. The Central Water and Power Commission 
should prepare a feasibility study for the trans¬ 
portation of coal by pipeline for a super thermal 
power station of more than . 1,000 MW capacity. 

(para 7.51) 

Use of inland waterways 

39. It would be useful to make a careful study 
of the techno-economic feasibility of transport 
by river to selected towns like Varanasi. Alisha- 
bad etc. We would, however, emphasise that lor 
the scheme to be successful, large scale river 
training schemes will have to be tdcen in hand 
and a navigable channel marked Utroughont the 
course. Aids for night navigation may also have 
to be provided if the tum-round-time has to be 
kept within economic limits. 

(para 7.52) 

Coal gaaification 

40. It is difficult to foresee any large size gas 
plants located at the pithead transporting gas for 
industrial or domestic users far away from cities; 
but in major cities like Bombay and Calcutta, 
gas plants located near the cities with smaller 
capacities may be a viable proposition. 

(para 7.57) 

41. Research and development should be con¬ 
tinued on the techno-economic aspects of gasifi¬ 
cation and specific possibilities should be investi¬ 
gated for using poor quality coal for ^sification 
and for use in industrial locations 

(para 7.58) 

Machinay 

42. A Committee of representatives of the con¬ 
cerned Departments and organisations should 
make an assessment of the indigenous capacity 
for the manufacture of coal mining machinery, 
suggest increases in capacity and fix Import re¬ 
quirements for the period till the indigenous 
capacity catches up with the demand. TMs Com¬ 
mittee should also take up the task of standardis¬ 
ing the equipment. It may be made obUsatory 
for the equipment manufacturers to proiauce a 
certain quantity of spares for the machines every 
year. 

(para 7.60) 

Choice of technology 

43. The selection of the optimal technology 
should be made on economic grounds using ap¬ 
propriate weightages for machine utilisation un- 
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der Indian conditions and for the availability of 
abtuidant labour force. 

(para 7.61) 

44 . It is strongly reconuncuded that the second 
mine cut at Ncyvcli be taken up and the tapacity 
of the power plant be increased to 800 MW. 

(para 7.62) 

45. The possibility of manufacturing bucket 
whid excavators in the country should be exa¬ 
mined and the manufacture of the required num¬ 
ber of eitcavatots taken np in a coordinated man¬ 
ner 

(para 7.64) 

46. In view of the location of Neyveli lignite 
deposit in relation to other fuel sources, inspite 
of The liravy investment, the Committee is inclin¬ 
ed to recommend the opening of additbnal mines 
at Nayveli and inen^asing tbs production to a level 
of about 20 mt. 

(para 7.65) 

OIL 

OH ruky 

47 . India's Oil Policy should be based on an 
irndersutoding of the iMernatiottal oil situation. 
It shouM be designed with the specific objectives 
of: 

(a) reducing tbe quantity of oil products to 
be imported' 

(b) redocing the total foreign exchange ex¬ 
penditure. and 

(c) improving the security of supplies of 
crude and oil products required from 
sources outside the country. 

(paras 8.10 and 8.17) 

OU EaplomliM 

48. Oil exploration in India should be given 
priority atfemion. Tbe exj^oration activities par- 
ticidarly ta the off-sborc areas and selected on¬ 
shore areas shuuM be speeded up. There is ur- 
gem need to augment the capabilities of tlic 
ONOC by providing them with more modem 
equipment. 

(para 8.27) 

49. Tbe following steps may have to be taken 
>n oil exploration; 

(1) Expedite the exploratory drilling in the 
Bombay High region. 

(10 Undertake a lar^ volume of exploration 
drilling operations in the Tripura and 
Cachar areas and in the South-Eastern 
border of the Upper Brahmaputra Val¬ 
ley. 


(iii) Rc-survey some already explored por¬ 
tion of the Cambay basin and the Upper 
Brahmaputra Valley region of the As- 
sam-Arakan Basin using sophisticated 
geophysical techniques, and intensive 
exploration drilling operations in such 
portions, to locate additional traps in 

articular stratigraphies which might 
ave been missed in the course of the 
exploration work conducted earlier. 

(iv) Extend the exploration operations to the 
portions of the Cambay Basin and the 
Upper Brahmaputra Valley region of 
the Assam-Arakan Basin which had not 
been explored so far. 

(v) Conduct extensive seismic surveys in all 
the areas and follow up the results by 
drilling of exploration wells. Poriority 
to be assigned to the continental shelf 
in the Arabia Sea adjoining the area 
already covered, the continental shelf 
area south of Sunderbans and the con 
tincntal shelf area of the Andaman 
Islands. 

(vi) Test by deep drilling already known 
structures in the Shiwalik foot hill belt 
of Jammu and Kashmir. Punjab and 
Himachal Pradesh. 

(vii) Intensify the exploration work, includ¬ 
ing seismic surveys and drilling opera¬ 
tions, in the Ganga valley in West Ben¬ 
gal. Saurashtra and Jaisalmcr area. 

(vii) Intensify tbe exploration work, including 
commencement of exploratioo drilling, 
in tbe land area of Andaman and Nico¬ 
bar Islands. 

(para 4.15) 

50. All attempts should be made to take ad¬ 
vantage of the complementaries of the resource 
endowments of India and the oil exporting coun 
tries and meaningful bi-lateral arrangements in 
eluding participation in crude production in other 
countries entered into. 

(para 8.271 

Crede stocking 

51. With a view to providing an insurance 
against short-run breakdown in the supply of 
crude to the country, there is need for building 
up a stock of crude within the country. Wo 
should explore various ways of building up our 
stocks consistent with our resources. 

(para 8.30) 

Retnery pfaumtng 

52. In each plan period, there should be a 
careful examination of the refinery locations, the 
product mix required in each refinery, the extent 
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of secondary process to be established and the 
feedstock choice in the fertilizer industry. 

(para 8.25) 

Oil products snppfies and pricing 

53. While the potential for export of oil pro¬ 
ducts should be kept in view, adequate care 
should be taken to analyse the long-term pros¬ 
pects for the product before investment options 
are approved. 

(para 8.29) 

Naphtha 

54. Since light distillates will be in short supply 
right upto 1990-91. Naphtha demand wil) have to 
be regulated by proper licensing of fertilizer and 
petrochemicals projects and it will be necessary to 
price the naphtha product within the country 
appropriately. 

(para 8.32) 

HSDO 

55. The price of HSDO and kerosene should 
continue to be kept at par with each other. If, at 
any time, it becomes necessary to tax the con¬ 
sumers of HSDO and kerosene at different rates, 
tax should be levied on the consumers of HSDO 
by suitable levies on other products which they 
use like tyres, tubes or spare parts. 

(para 8.39) 

Road-Rail coordination 

56. The Committee recommends that imme¬ 
diate action be taken to coordinate the road and 
rail transport in an optimal manner in order to 
manage the HSDO demand to levels indicated in 
the report. Long distance movement of commodi¬ 
ties by road should be discouraged while simulta¬ 
neously increasing the capability of rail trans¬ 
port. 

(para 8.35) 

Dieselization in railways 

57. It has been estimated that 1,800, 3,000 and 
4,000 Km of railway track will be electrified dur¬ 
ing the Fifth, Sixth and the Seventh Plan periods, 
which would take the total electrification to 
12,800 Kms. With electrification of track increas¬ 
ing to that extent, it is anticipated that the rail¬ 
ways can maintain the stock of diesel locomotives 
at a constant level of about 2,600 (which wiU be 
reached by 1978-79) and the consumption of 
diesel at 0.8 mt per year from then on. In other 
words, diesel consumption which was 0.5 mt in 
1970-71 will increase to 0.8 mt by 1978-79 and 
stay at that level from then on. Though the stock 
of diesel locomotives will remain the same from 
1978-79 onwards, the areas in which they operate 
will change from time to time. The diesel traction 
will be introduced in the areas where the steam 
traction will be unable to handle the increasing 


load traffic but electricity could not be extended 
for want of adequate traffic. 

(para 8.37) 

Fuel OU 

58. Fuel oil being a valuable raw material fbr 
the production of high cost petroleum prCidiicts 
which have good export potential or can s^ervb'as' 
import substitutes, large quarttities of it shoiild 
be earmarked for the production of high value 
products like lubes, bitumen, petroleum coke and 
wax. 

(para 8.39) 

59. The Gommittee recommepds that even at the ; 
stage of licensing new industries, the use of fucl^ 
oil in furnaces should be prohibited and the 
nationalised coal industry should be asked to 
take immediate steps to set up c^al dumps in all 
the industrial centres of the country. 

(para 8 39,) 

60. The Committee recommends thMt the Gov¬ 
ernment should take immediate stfc^ tp’fahprove 
the design of indigenous thermal e^ni^millt with 
the specific objective of reducing the technologi¬ 
cal requirements of oil in the thermal plants. 

(para 8.40) 

Coal and fuel oil as fertUizer fieed^ock 

61. The Committee is of the view new fer¬ 
tilizer projects should be designed to rqaVe use qf 
coal as the feedstock. However, in the refineries, 
even when the surplus heavy-end products are 
subjected to secondary processing, fficre will be 
some quantities of heavy residual material which 
cannot be used for any purpose except fo^ burn¬ 
ing as a feedstock for fertilizer production.' Such 
material should be used as feedstock in prefer¬ 
ence to their use as fuels. 

The Committee is of the view that even if in 
view of the lack of operating experience of large 
scale fertilizer production based on coal and the 
need to complete quickly a few more fetti^er 
projects within the country to mfei^t 
of fertilizer a few projects based on fuel , oil rare 
taken up during the Fifth Plan,, these projects 
should have adequate provision to switch over 
to the use of coal at a later date. 

(para 841) 

62. Recent explorations, inland and on-sbote. 

indicate the possibility of discovering shb^ahfial 
quantities of natural gas. The production of ferti¬ 
lizers. methanol and, other chemicals, on 

natural gas will have to be giyen preference 6ver 
the use of natural gas a mere fuel. 

(para 8.42) 

ELECTRICnY 
Installed capacity 

63. The installed capacity requirements for 
different years in future to meet the energy rc- 
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quirements corresponding to the Case-II esti¬ 
mates are indicated below: 


Inaalled capacity requirements for power genera¬ 
tion in 1978-79. 1983-84 and 1990-91 


Year 

Forecast of 
energy 
consump¬ 
tion (b kWh) 

Forecast of 
energy 
require¬ 
ment (b kWh) 

Installed 

capacity 

needed 

(m kW) 

1978-79 

100-3 

116-4 

33-6 

1988-84 

167-7 

193-6 

63-0 

1990-91 

320-4 

370-7 

87-3 


** at the bus-bar, i.e conanmption plus tine losses. 


Hoik— (1) On the basis of the calculations for 0-48 plant 
taotor and 90 per cent availability the installed 
oapaoity required In the year 1978-79 would be 30-7 
muUoB kW. However, as there is a large spillover of 
works from the Fourth Flan and due to bunehing of 
new projects the oapaoiy coming on stream into 
the final year of the Fifth plan is very large. But 
as many of them would be operative only in the 
second half of the final year, only half of the benefits 
have been counted towards the Fifth Plan and hemo 
the increased provision of installed capacity. 

(2) For the year 1983-84, on the basis of 0-495 plant 
isotorand 92 per cent availability the installed 
capacity should be48-fi mkW. This ss, however, 
being assumed as 63-0 m kW for reasons which are 
similar as in the case of 1978-79. 

(3) The %ure of installed Capoity has been arrived at 
87*8 mkW on the basis of 0-61 plant factor and 96 
per cent availability. 

(para 9.32) 

Power syetedi planning 

64. The Committee would strongly recommend 
tjiiat rational measures should be initiated in 
planning and operating the power systems so as 
to ensure gradual improvement in the plant fac¬ 
tors of operation of power system. 

(para 9.33) 

bnpiwving toad factor of operation 

65. The Committee recommends that during the 
Fifth Plan period, efforts should be made to deve¬ 
lop a more optimal load structure: 


Hydro-electricity 

66. In order to achieve the objective of maxi¬ 
mising the generating capacity with the funds 
available and to generate cheap power, it is re¬ 
commended that during the Fifth and Sixth Plans 
the level of new generating capacity to be added 
should be derived from hydro stations, both of 
the energy intensive and peaking categories. 

(para 9.39) 

67. The Committee would urge that during the 
Fifth Plan, a very strong effort should be made 
to complete as many as possible of the hydel 
stations under construction. 

(para 9.40) 

68. The Committee would strongly urge that a 
detailed investigation of the specific projects 
which could be set up to utilise the hydro-electric 
resources should be drawn up within the next 
two years and the scheduling of different hydro 
projects should be determined with reference to 
the cost of the projects, the characteristics of the 
projects and their locations. On this basis, a 
detailed hydro-electric power development pro¬ 
gramme should be drawn up for the future upto 
1990-91 or even 2.000 A.D. 

(para 9.42) 

Noclear power 

69. The capacity of the nuclear power stations 
is estimated to be as follows: — 

1978-79 ». .. .. 1020 MW 

1983-84 ., .. .. 1900MW 

1990-91 ... .. .. 8620 MW 

The Committee would like to endorse the view 
of DAE that nuclear power capacity, if possible, 
should be increased to the maximum extent pos¬ 
sible by 1990-91. It would recommend that a re¬ 
view of nuclear programme should be made by 
1978-79 in the light of the pace of construction 
of nuclear power stations in the Fifth Plan period, 
the preparedness of the DAE in respect of de¬ 
sings for 500 MW nuclear power plants and the 
process made by them towards the commer¬ 
cialisation of the Fast Breeder technology. 


(1) by setting up more pumped storage 
schemes as such schemes would improve 
the system capability at minimum cost; 

(2) by identifying industries which are inten¬ 
sive users of electricity and are also 
capable of organising their production 
schedule in such a way that their peak 
demand would occur during the system 
off-peak period and by giving to such 
units adequate incentive through special¬ 
ly desired tariff to encourage them to 
reorganize their production; 

(3) by general pricing of the industrial tariff 
and agriculture tariff to provide incen¬ 
tive for use of more electricity during 
pff-peak hpprs, 


Source-wise possible generating capacities has 
been suggested as follows: — 


(Million kW) 


Year/ 

Mode of generation 

1978-79 

1983-84 

1990-91 

Hydel 

13-00 

20-00 

28-40 

Nnolear 

1-02 

1-90 

8-62 

Tbermal 

19-66 

31-10 

60-30 

Total 

33-87 

63-00 

87-32 


Mbm; —Thermal stations inoindt^ coal and lignite baaed 
poiver stations, 


(para 9,43) 
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Plant size 

70. The Committee would recommend that im¬ 
mediate studies should be undertaken to deter¬ 
mine the optimal plant size for different regions 
of the country. 

(para 9.47) 

71. During Fifth Plan period, the design cap¬ 
ability should be developed and operational 
norms for a 500 MW set should be studied by 
setting up an R & D plant of 500 MW capacity. 

(para 9.48) 

Locations 

72. The Committee feels that in the overall in¬ 
terest of the economy and environmental conside¬ 
rations more and more of such power stations 
should be located at pit-heads. Depending on the 
local conditions, however, construction of power 
stations at load centres can be considered on 
merits as a special case. 

(para 9.49) 

Transmission 

73. The Committee would very strongly urge 
that the schemes for setting up of regional grids 
and regional load despatch centres should be 
vigorously pursued; simultaneously procedures 
for the integrated planning and operation of 
power systems based on system studies should 
be introduced. 

(para 9.54) 

Rural electrification 

74. Procedures should be found for a proper 
evaluation of the relative social benefit cost of 
electrifying different areas with reference to the 
ground water potential, the possibility of increas¬ 
ing production in that area, the other non-agricul- 
tifrhl production that might be triggered off in 
the area etc. The correct approach to rural elec¬ 
trification should be through the formulation of 
an integrated rural development programme for 
clusters bf villages in which the supply of electri¬ 
city would be one of the inputs arranged by the 
Government. 

(para 9.57) 

75. The Committee recommends a proper pric¬ 
ing policy for the power supplies to the agricul¬ 
tural loads so as to encourage the consumers to 
use the optimal size of pumpsets and for draw¬ 
ing supplies during the system off-peak hours. 

(para 9.58) 

76. The Committee would recommend ' that 
rural electrification should be pursued on lines 
which would ensure the electrification of almost 
all houses in the villages to which electricity is 
extended, 

(para 10.19) 


Ca^ive power goieration 

77. The Committee feels that in the overall 
national interest and in order to achieve the 

get through the limited resources av.nilable, the 
setting up of captive power stations should not 
be encouraged. Efforts should be made to in¬ 
crease the capacity of the power utility system 
to meet all the demands with high reliability. 

(para 9.59) 

Nuclear power programme 

78. Apart from the necessity of getting the pro¬ 
jects sanctioned and executed in time, the reali¬ 
sation of the nuclear power programme depends 
on uranium production. Uranium mining from 
other uranium deposits will have to be taken up. 
At the same time exploration work to loOate 
additional uranium deposits would also be essen¬ 
tial to meet the long-term requirements of the 
nuclear power programme. 

(para 9.63) 

79. The realisation of the projected nuclear 
power programme will also depend upon the in¬ 
digenous industrial back up that could be built 
up during the next few years. The Indian manu¬ 
facturers will have to develop their capabilities 
to produce many of the sophisticated any heavy 
coniponents as well as special pumps and instru¬ 
ments required for the nuclear power programme. 

(para 9.64) 

80. The committee would recommend that, if 
possible, the nuclear capacity should be increas¬ 
ed in the years beyond 1983-84. Thi§ should,,^ 
based on a re-appraisal of the nuclear power 
programme on the lines suggested. 

(para 9.69) 

DOMESTIC SECTOR 

Firewood 

81. A fairly generous estimate of the fpfPtf 
fuel resources puts the availability of forest foels 
in 1978-79 to be around 94 mt as agaihst our 
estimate of demand of 132 mt (equivalent of 125 
mter). The solution to this problem lies in taldng 
up programmes of afforestation especially wi£ 
wood species which are quick growing and are 
capable of yielding wood for fuel purposes. 

(para 10.10) 

82. The social forests can be a supplement to 
the other measures for supplying the fuel needs 
of the rural population. Xhe Comitii^e recom¬ 
mends that consideration be given for the pro¬ 
gramme of tree plantation on the road sides, 
canal sides and railway sides to increase the 
availability of firewood. 

(para 10.11) 

Cow Dong 

83. The Committee would strongly recommend 
that all efforts should be made to intensify the 
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popularisation of ‘Gobar Gas Plants’ in suitable 
areas where the pattern of ownership of cattle 
will help in its easy im{dementation in view of 
thei soaal benefits of the nutrient production, 
pollution abatement etc,, possible from these 
plants. 

(para 10.12) 

Soft coke 

84. The Committee urges that the possibility 
of setting up plants for the manufacture of solid 
domestic fuel to suit the requirements of different 
urban centres should be studied further, 

(para 10.15) 

83. T)» possibility of reducing the cost of soft 
coke to the consumer by subsidising the trans¬ 
port and trading margins or by raising the re¬ 
quired funds through a surcharge on the price of 
kerosene should be examined. 

(para 10.15) 

86. The Committee recommends that all efforts 
should be made to increase the level of usage of 
soft coke as high as possible, 

(para 10.15) 

Efficiency 

87. The Committee recommends that Research 
and Development should be undertaken on the 
design of heating appliances in the domestic sec¬ 
tor apd also other administrative action be taken 
to ensure that the appliances marketed conform 
to the design requirements. 

(para 10.20) 

Major Implication 

88. The Committee would like to draw atten¬ 
tion to the fact that the problem of substitution 
of non-commercial fuels by commecrial fuels in 

dcnaestic sector has to be considered with 
due regard to the overall economic implications 
Of the use of different fuels in this sector and 
Uie pricing and distribution policies should be 
based on a full understanding of the social cost 
Of the use of different fuels. 

(para 10.2!) 

COSTS AND PRICES 

Price PoH^ 

89. A ^?oper price policy for the fuels will 
Imve to be based on an adequate appreciation 
ol the production cost of each fuel over time. 
The price policy should take into account the 
interest of the fsroducer. the consumer end the 
nation. 

(para 11.5) 

?0. The Committee feels that the Government 
indicate a reasonable rate of return to 
be for the fuel indi^tries as a whole which 
serve as a guideline for any Committee 
Which is entrusted with the task of price fixation 
fbr any fuel. 

(para 11.7) 


91. The Committee would like to endorse the 
view, taking note of the objectives of a rational 
price policy in the energy sector, that the price 
fixed for any fuel, coal, oil or electricity should 
be such that the particular fitel indujstry, as a 
whole, is enabled to earn a return of at least 10 
per cent on the investment made in the industry. 

(para 11.7) 

Price Policy for coal sector 

92. The Committee would recommend the fol¬ 
lowing principles to govern coal prices; — 

(1) Coal prices should be fixed with refer¬ 
ence to the geographical area from 
which coal is mined. 

(2) Price fixed for the coals produced in 
each area should cover the total costs 
of production and should yield a net 
return of at least 10 per cent on the 
capital invested in producing coal in that 
area. 

(3) Differential price fixed for coal of diffe¬ 
rent qualities should adequately reflect 
the v^ue of the specific qualities to the 
consumer as well as the relative scarcity 
of coal of different qualities. 

(para 11.11) 

Price Policy for oil sector 

93. The Committee considers that the producer 
price of crude produced in India should at least 
be equal to the long-term cost of producing 
crude in India and the difference between such 
a price and the prevailing international market 
price at any point of time should be collected 
by the Government as a tax. In effect, the refi¬ 
neries should get Indian crude at prices equal 
to the international price of similar crude. 

(j»ra 11.17) 

94. The Committee considers that there is no 
particular advantage in maintaining the “price 
parity” formula for fixing ex-refinery prices.'in 
view of producing most of the products by «- 
fining of crude within the country, in the coming 
years. 

(para 11,19) 

95. The Committee would like to suggest that 
there should be a serious examination of the 
need to continue the import parity formula for 
product pricing and to evaluate other possible 
methods of fixing prices which will best subsepe 
the national interest. 

(para 11J20) 

Price policy for power Pector 

96. The Committee would like to emphasise 
the inadequate returns from electricity industry 
will seriously affect the power programme and re¬ 
commend ^ongly that the electricity tariff should 
immediately be revised in all the States so as 
to give the rates of return as suggested by the 
Venkataraman Committee. The Committee would 
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like to recommend that the returns on invest¬ 
ment in electricity should be 10 per cent in keep¬ 
ing with the rates of return expected from other 
energy producing industries. The basis of pric¬ 
ing suggested here should be applicable not only 
to State Electricity Boards but also to other 
power generating agencies like the Department of 
Atomic Energy, Central Electricity Authority. 
DVC etc. 

(para 11.21) 

97. The Committee recommends that the elec¬ 
tricity tariff should be designed so as to discrimi¬ 
nate adequately between the use of power during 
the peak periods and during off-peak periods. As 
the difference in the peak demand and off-peak 
demand is very large in this country, the tariff 
should include a penalty for use of power during 
the peak hours so that at least over a period of 
time the load curves of demand are flattened to 
a more reasonable level. This would bring about 
substantial savings in the investment cost in the 
power sector. 

(para 11.22) 

98. The Committee is of the view that there is 
generally no case for subsidizing the cost o! 
power supply to any industry. 

(para 11.23) 

99. The Committee considers that the tariffs 
introduced earlier need correction, in view of the 
fact that at present when the demand for power 
from the agriculture sector is a substantial por¬ 
tion of the total demand and when there is no 
longer any need for a promotional campaign 
to encourage the use of power in the agricultural 
sector (except perhaps in certain selected pockets 
in the country). The Committee would strongly 
recommend that the agricultural loads should be 
charged with due regard to the cost of supplying 
Ijower to the agricultural sector. At the same 
time, all measures should be taken to bring about 
a better utilization of the connected loads in the 
agricultural sector flike roastering of agricultural 
loads) which would enable the reduction of the 
cost of power supply to the agriculturists 

(para 11.23) 

TECHNOLOGY 

Foel efficiency 

100. The Committee recommends that a 
National Fuel Efficiency Service with centres at 
the regional sector and industry levels and armed 
with adeqaute authority to ensure that their 
views on selection of fuels and on the level of 
efficiency are accepted by the consumers, should 
be instituted as early as possible. 

(para 12.4) 

101. The Committee would like to emphasise 
that, besides organisational arrangements, there 
is need for setting up facilities for training opera¬ 
tives who deal with fuel burning equipanent. 

(para 12-5) 


102. A well-designed fuel efficiency traimng 
scheme should be worked out immediately, taldilg 
advantage of the surplus engineering talepts avail¬ 
able in the country today. 

(para 12.5) 

Reduction in investment costs 

103. Suitable design and construction norms 
for reducing the costs of rural electrification ami 
for meeting the agricultural pumpsets should be 
evolved. 

(pari 12.6) 

104. Efforts should be mounted with the co¬ 
operation of the various institutions to implement 
a time-bound programme of increasing the effi¬ 
ciency of utilisation of oil in the transport sec¬ 
tor. 

(para 12.7) 

105. The Committee recommends that the de¬ 
sign, development and manufacture of 500 MW 
generating unit should be entrusted to an Indian 
agency with a time-bound programme tb get the 
commercial production of such sets started' in 
the early ^hties. 

(para 12.9) 

106. While agreeing with the strategy implied 
in the NCST recommendation for mounting a 
serious R & D effort for developing MHD pro¬ 
cess in India, the Committee would like to Em¬ 
phasise the need to concentrate work first 6n 
laboratory and higher sCale in the critical areas. 

(para 12.12) 

107. The Committee would recommend that 
research and development in 

combined gas turbine-steam turbine pfanra^Kich 
would increase the overall efficiency of coal utili¬ 
sation in thermal power stations should be in¬ 
tensified. 

(park 12.13) 

108. Research and development must be taken 
up to evolve boilers designs which will avoid the 
use of oil support even when the loadon the 
boiler is as low as 20 to 30 per cent of its capa¬ 
city. 

^para 12.27) 

Conservation o£ coking coal 

109. The Committee recommends that a time- 
bound programme for the development of a 
formed coke process based on non-cedring coals 
should be drawn up and the project should be 
carefully followed, 

(para 12.14) 

Secondary convention processes 

110. Development work , on hydro cracking 
should be speeded up so that the designing, 
manufacture of suitable catalysts, construction 
and efficient operation of secondary proigessing 
plants could be managed with indigenous shilh. 

(para 12; 15) 
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Conversion of coal to oil 

111. It is necessary that in the context of the 
latest review of our energy situation, the lisif^ 
demand for oil products, the limited success in 
our oil exploration efforts and the increasing price 
as well as insecurity of obtaining oil from the in¬ 
ternational market, a well thoughtout long-term 
programme for development of coal-oil conver¬ 
sion technology should be drawn up. This should 
be based on a review of the success achieved in 
following the diverse routes for coal-oil conver¬ 
sion by various agencies in other countries as 
weU as in our country and the product mix that 
would be relevant to our long-term demand and 
supply situation in respect of oil products. 

(para 12.20) 

112. A competent group should be formed 
to select possible areas for future work, assign 
this work to different organisations and to moni¬ 
tor the entire R & D effort in coal-to-oil conver¬ 
sion technology. 

(para 12.22) 

Coal gasification 

113. The Committee recommends Itiat R & D 
work on coal gasification and pipeline transport 
of coal gas should be undertaken from now. 

(para 12.23) 

114. It is necessary to immediately chalk out 
a comprehensive programme for intensive deve¬ 
lopment work in the optimization of design of 
cooking and heating appliances manufactured in 
the country. 

(para 12.24) 

Non-conventional energy forms 

115. Research and development in the areas of 
non-conventional energy should be kept up. 

Stfiai enogy 

116. R & D' on solar energy in India may be 
concentrated on— 

(a) the development of thin-fllm technology 
to produce cooled surfaces which couk! 
be used as collectors and co)icentrators 
of solar radiation, thus reducing the 
costs; 

(b) the possibilities of using solar energy to 
convert animal waste, agricultural waste 
and algae into gaseous fuels and me¬ 
thane. 


(c) developing low cost solar water heaters, 

(d) developing solar distillation and desali¬ 
nation units for use in arid rural areas; 

(e) developing tehniques for the optimal use 
of solar energy for drying and storage 
of grain, wood and hay and air-condi¬ 
tioning. 

(para 12.34) 

Tidal power 

117. The collection of more data on tidal 
movements and the preparation of feasibility re¬ 
ports with regard to specific coastal locations is 
recommended. 

(para 12.37) 

Chemical sources of energy 

118. Development work on battery powered 
light vehicles is recommended. 

(para 12.3.8) 

119. Further work on Fuel Cell Technology 
for use in remote villages will be of use. 

(para 12.39) 

Priorities 

120. Among the other options the important 
ones are the following: 

(1) Development of Fast Breeder Reactor. 

(2) Development of Boiler Designs to re¬ 
duce oil consumption in thermal power 
generation plants. 

(3) Fluidised bed technology/Development 
of commercial power generating plants 
based on this. 

(4) Development of SNG production and 
transport technologies suitable for 
Indian conditions. 

(5) Development of technologies for manu¬ 
facture of cheap smokeless fuels for use 
in the domestic sector. 

(para 12.40) 

Coordination of R & I> efforts in energy sector 

121. It is of course necessary to have a com¬ 
petent group to coordinate the R & D efforts in 
(he energy sector which will keep under review 
the progress registered in the differgnt areas and 
adjust the priorities from time to time to enable 
the best results to be obtained. 

(para 12.40) 



Anoex Tabte II-l 

(^Referred to in Chapter II) 

SECTORWISE consumption of commercial energy for the period 1953-54 

TO 1970-71 

In Million Tonnes of Coal Replacement and Coal Equivalent 





19.53 54 




Sector 

Coal 

Oil Products 
in 

-A- 

Electricity 

1 

Total Commercial 
Energy in 



c.r. 

O.e. 


OaP. 

c.e. 

1. Mining and Manufacturing 

13-80 

3-65 

1-12 

.5-00 

22-45 

19-92 

2. Transport 

12-10 

8-76 

2-70 

0-60 

21-46 

16‘-40 

3. Dofnfestio 

2-20 

9-79 

.3-01 

0-70 

12-69 

.5-91 

4. Agriculture 

.. 

1-61 

0-5 

0-20 

1-81 

0-70 

fi. Gorauiercial/fiovcrnmont and Others 

0-60 



1-10 

1-70 

1-70 

Total 

28-70 

23-81 

7-33 

7-60 

60-11 

13'63 

Percentage of total "I in. o.e. 

6.5-78 


16-80 

17-42 


100 00 

J in o.r. 

47-75 

39-61 


12-64 

100 00 


Source :— 


The detRila for the period 19ii3-M to 19ftl-63 are taken from the report of the Energy Surrey of India Committee. For the 
period 19«l-63 to 1970-71, the figares are obtained from the Energy Survey Division of the Planning Commission. 

Seotor-wise oonsumption details are not available after 1970-71, 

Note { (1) Pignre of coal does not include coal for power generation. 

(3) Figure of oil products consumption doe? not indade oil used for non-energy uses. 

(3) While attempting to oalonlate sector-wise fuel used for the years 1971-79 ownords, it was noted that the oil i^sed 
for tractors in agrionltoral sector is counted in the transport sector. Similarly H.B.L.O used for liiftiiig water Ih 
agricultural sector has not been counted in agricultural sector. As it is difficult at this stage to estimate the use of 
oil products in agricultural seotor for all previous years, corrections are not attempted at this stage. 

(4) From the year 1961-02, part of the kerosene has been used in the transport seotor in place ^of H.8.D.O. to take 
advantage of the low consumer price of kerosene relative to the price of H.8.D.O. 


m 



127 




Oil Pro'lucts in 

Total commercial 




Energy in 

Sector 

Coal r 

--*— -Electricity 

1 ■ii.—1.1 III ■" 


c.r. c,e, c.r. c.o. 






1064-65 




1, Mining and Manufacturing 


13-80 

4-24 

1-30 

6-60 

23-64 

20-70 

2. Tranaj.'ort 


11-70 

9-36 

2-88 

0-60 

21-66 

15-18 

3. Domeetio 


2-40 

10-54 

3-24 

0-80 

13-74 

6-44 

4. Agrionitnre 



1-63 

0-60 

0-20 

1-83 

0-70 

6. Commeroial/Govemment and Others 


0-60 



1-20 

1-80 

1-80 

Total 


28-50 

26-73 

7-92 

8-40 

62-67 

44-82 

Percentage of Total \ ino. o. 

.. 

63-69 


17-67 

18-74 


100-00 

/ in o.r. 


45-48 

41-12 


13-40 

100-00 



1956-66 


1. Mining and Manufacturing 

2. Transport 

3. Domestic 

4. Agricultme .. 

6. Commer ial/Government and Others 

■■ 

13-30 

12-30 

2-60 

0-70 

4-70 

10-37 

13-61 

1-72 

1-46 

3- 19 

4- 16 

0-53 

6-30 

0-70 

0-80 

0-30 

1-30 

24-30 

23-37 

16-81 

2-02 

2-00 

21-05 

16-19 

7-46 

0-83 

2-00 

Total 

-• 

28-80 

30-30 

9-33 

9-40 

68-50 

47-63 

Percentage of Total \ in c.e. 


69-59 


19-63 

19-78 


100-00 

/ in c.r. 

-• 

42-04 

44-23 


13-73 

100-00 






1966-67 




1. MtAing and Manufacturing 

.. 

13-40 

6-06 

1-65 

6-90 

25-35 

21-85 

2. Transport 


13-70 

11-61 

3-64 

0-70 

25-91 

17-94 

3. Domestic 


2-90 

12-70 

3-01 

0-90 

16-60 

7-71 

4. Agriculture 

. , 


1-90 

0-34 

0-30 

2-20 

0-64 

5. Commeroial/Qovernment and Others 

•• 

0-70 



1-40 

2-10 

2-10 

Total 

-- 

30-70 

31-16 

9-34 

10-20 

72-00 

60-24 

Percentage of Total \ in c.e. 


61-11 


18-69 

20-30 


100-00 

J" in c.r. 


42-60 

43-24 


14-6 

100-00 






19.57 68 




I’l MiMiufacturing 


16-60 

6-.94 

1-70 

7-70 

29-84 

26-00 

2; iTKnsport 

, , 

14-70 

12-94 

3-98 

0-60 

28-44 

19-48 

3.' Dbmestio 


2-80 

18-28 

4-09 

1-10 

17-18 

7-99 

4. Agrioultnm 

, , 


2-17 

0-67 

0-60 

2-77 

1-^7 

6. Commeroial/Government and Others 

•• 

0-60 

-- 


1-60. 

2-10 

2-10 

Total 


34-00 

33-93 

10-44 

11-80 

80-33 

56-84 

percentage of Total \ in c.e. 


60-87 


18-37 

20-76 


100-00 

/ in o.r. 


43.07 

42 24 


14-69 

100-00 



1968-69 


J . Mining and Mantt'aotnring 


17-60 

6-96 

1-83 

8-80 

32-36 

28-23 

2. Transport 

. , 

14-80 

14-14 

4-36 

0-80 

29-74 

19-66 

3, Domestic 


3-10 

13-69 

4-21 

1-20 

17-99 

8-51 

4. Agriculture 



2-36 

0-72 

0-60 

2-95 

1-32 

B. Cbmmercial/Government and Others 

0-00 

-- 


1-80 

2-40 

2-40 


Total 

36-iO 

36-13 

11-11 

13-20 

85-43 

60-41 

Percentage of Total \ 

in c-e. 

69-76 


18-39 

21-85 


100-00 

f 

in or. 

42-26 

42-29 


16-45 

100 









Oil Pforliicts in 


b'cctor 


Coiil 


Till ctdcity 


Total Commercial 
Energy in 


1959-60 


1 . Mining and Manufacturing 

2. Transport 

3. Uomeatic 

4. Agriculture 

5. Commorcial/Oovoniinont and Otlicrs. 

10-80 

16-20 

3-00 

0-70 

«-44 

15- 53 

16- 52 
2-58 

108 

4-78 

4-78 

0- 79 

10-30 

0-00 

1 • 40 
0-70 
2-10 

33-54 

31-63 

19-92 

3-28 

2-80 

29-08 

20-88 

9-18 

1- 49 

2- 80 


Total 

35-70 

40-07 

12-33 

15-40 

91-17 

63-43 

Percentage of Total \ 

in c.e. 

In o.r. 

50-28 

39-16 

13-95 

19-44 

24-28 

16-89 

100-00 

100-00 





1960-61 




1. Alining and Manufacturing 

2. Transport 

3. Domestic 

4. Agriculture 

5. Oo'mmeroia! /Governmont and Others 

20-90 

16-00 

2-80 

!! 0-70 

7-23 

17-37 

16-52 

2-74 

2-22 

5-34 

5-08 

0-84 

11-60 

0-80 

1- 50 
0-80 

2- 20 

39-73 

34-17 

20-82 

3-54 

2-90 

34-72 

22-14 

9-38 

1- 64 

2- 90 


Total 

40-40 

43-86 

13-48 

16-90 

101-16 

70-73 

Pcrcentaco of Total ^ 

in o.c, 
in c.,r 

67-03 

39-94 

43-36 

10-04 

23-88 

16-70 

100-00 

100-00 





1961-62 




1. Mining and Manufacturing 

2. Transport 

3. Dotn^io 

4. Agriculture 

6. Commercial/Government and Others 

24-20 

16-70 

2-80 

.. 0-40 

7-69 

19-47 

18-43 

2-02 

2-37 

6-99 

6-67 

9-00 

14-46 

0-68 

1-70 

0-99 

1-64 

46-36 

36-76 

22-93 

3-91 

0-24 

41-03 

23-27 

10-17 

1-89 

204 


Total 

44-10 

48-61 

14-93 

19-37 

111-98 

78-40 

Percentage of Total \ 

in o.e. 
in o.r. 

66-26 

39-38 

43-32 

19-04 

24-71 

17-30 

100-00 

100-00 





1962-63 




1. Mining and Manufacturing 

2. Transport 

3. Domestic 

4. Agricnlture 

B. Commeroial/Government and Others 

28-00 

17-40 

3-20 

!! 0-60 

9-33 

21-78 

20-25 

3-17 

2-87 

6-70 

6-23 

0-98 

16-.50 
0-90 

1- 92 
1-10 

2- 15 

53>83 

40-08 

26-37 

4-27 

2-66 

47-37 

38-00 

H-.36 

3-08 

2-66 


Total 

49-10 

64-68 

16-78 

22-67 

126-20 

88-46 

Percentage of Total \ 

in c.e. 
in o.r. 

66-61 

38-91 

43-21 

18-97 

26-62 

17-88 

100 

100-00 





1963-64 




1. Mining and Manufacturing 

2. Transport 

3. Domestic 

4. Agricnltnre 

5. Gommereial/Qovermnent and Others 

27-00 

17-40 

3-60 

O-TO 

6-66 

25-36 

20-26 

3-44 

0-61 

2-02 

7-80 

6-23 

1-06 

0-19 

19-13 

0-76 

2-06 

1- 15 

2- 11 

62-69 

43*51 

26-81 

4-59 

3'63 

48-16 

36-06 

11.70 

221 

3-00 


Total 

48-60 

66-21 

17-80 

•25-21 

130-02 

OMl 

Peiroentage of Total 

in c.©, 
in c.r. 

63-84 

87-38 

43-23 

18-09 

27-67 

19-39 

100-00 

100-00 
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on Products in Tots! Commercial 


Sector 



- 


ElootTioity 

Energy in 




»r. 

an. 


CpT. 

Ocea 






1964-66 



1. Manuliwtniicg 

2. Transpoct .. 

3. Domestic 

4. Agrionlture .. •• 

6. Commeroial/GoTemment • Oti»e« 

a a 

.a % 

a * 

a • 

27-20 

17-40 

8-40 

0-30 

7*16 

27-61 

8Mi6 

3-44 

0-65 

2-20 

8-46 

6-66 

1-06 

0-20 

20-92 

1-00 

2-26 

1- 40 

2- 10 

66-27 ~ 

46-91 

27-31 

4-84 

3-14 

60-32 

26-86 

12-31 

2-46 

2-69 

Total 

■j 

•• 

48-80 

60-41 

18-58 

27-76 

186-47 

94-64 

percentage of Total I «■ •••■ 

f ID O.T. 

• • 

31-04 

33-39 

44-27 

19-63 

29-33 

20-34 

100-00 

ioo-00 





1966-66 



1. yiiiing and KanufikctoriBg 

2. Tfansport 

3. Domc^o 

4. Agricnhare •. • • 

6. Commercial/GoTeniment and Others 

•• 

80-10 

17-30 

4 10 

0-30 

8 09 
81-28 
20-00 
4-41 
.0-86 

2-49 
9 82 
6-13 
1-36 
0-26 

22-82 

1-16 

2-36 

1- 89 

2- 63 

69-81 

49-72 

26-46 

6-80 

3-68 

66-21 

28-08 

22-61 

3-26 

3-09 

Total 

a • 

31-80 

84-61 

19-88 

30-66 

146-97 

102 24 

Percentage of Total 1 in m. 

J in o.r. 

a a 

a * 

60-67 

83-23 

48-.«6 

19-44 

29-89 

20-79 

100-00 

100-00 





1966-67 




1. Hining and Manvfactnring 

2. Transport 

8. Domestic •• •• 

4. Agrienltore < • • • 

3. Commeroial/GoTemment and Othera 

a a 

a T 

• 4 

4 4 

30-40 

16-80 

4-30 

o-Vo 

9-06 

33-36 

20-68 

6-13 

0-96 

2-79 

10-26 

6 33 
1-58 
0-29 

24-38 

1- 27 

2- 63 
2-11 
2-82 

63-84 

61-62 

27-71 

7-24 

4-27 

67-67 

28-43 

13-46 

3-69 

3-61 

Total 

•j 

a • 

52-30 

69-07 

21-26 

33-21 

164-68 

106-76 

Percentage of Total ^ in e.e, 

r inoj'. 

a * 

48-99 

33-83 

44-68 

19-90 

31-11 

21-49 

100-00 

100-00 





1967-68 



1. Mining and Manufacturing] 

2. Transport • • • • 

3. Domestic 

4. Agricnlture . • • • 

6. Commeroial/GoTemment and. Others 

« a 

* « 

a • 

33-00 

16-70 

4-30 

0-60 

9-85 

36-29 

21-39 

6-27 

1-66 

3-03 
10 86 
6-66 
1-62 
0-48 

26-79 

1- 38 

2- 93 
2-68 

3- 08 

69-64 

63-37 

28-62 

7-86 

6-31 

62-82 

28-94 

13-81 

4-20 

4-06 

Total 


34-60 

73-86 

22-67 

36-76 

164-61 

113-83 

Percentage of Total L P 

( m o.r. 

J 

«• 

•• 

47-88 

33-11 

44-56 

19-83 

32-29 

22-83 

100-00 

100-00 





1968 69 




1. Mining and MannfiKturing 

2. Traai^att • • 

3. Dome^c •• 

4. A^oulture •• • • 

6. Cmmercisl/GoTcmment and Others 

a 4 

a a 

a a 

a a 

31-90 

16-30 

4-30 

0-60 

10-39 

39-72 

23-76 

6-86 

1-66 

3-20 

12-22 

7-31 

2-11 

0-48 

29-93 

1-32 

3-18 

3-46 

3-67 

72-22 

67-34 

31-24 

10-31 

6-62 

66-03 

29-84 

14-79 

6-67 

4-66 

Total 

■J 

« a 

63-00 

82-27 

26-32 

41-46 

176-73 

119-78 

Percentage of Total 1 in *••• 

f in ojr. 

a a 

• * 

44-26 

29-99 

46-66 

21-14 

34-61 

23-46 

100-00 

100-00 


P(D) 190M<rfBnergy— 10 
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Sector 



Oil Products in 


Total Commercial 
Energy in 


C.r. 

o.». 


ar. 

0.ee 





1039-70 




1. Honing and Mannfaotnring 


36 H 

9-36 

2-88 

32-34 

77-04 

70-66 

S, iFransport .. 

•# 

16 1J5 


13-34 

146 

00-92 

W-N 

S; BSmestio 



28-«6 

7-86 

3-40 

33-84 

H -10 

1’. Agrioulturo 

., 


4-54 

■1-40 

3-77 

8-31 

6-17 

if ©omJnoroialjf^Vernment and Others 


0-4P 

7-36 

2-23 

3-p7 

11 03 

6-aO 

Total 

■» 

•■0 

63-63 

90-06 

27-71 

46-02 

101-74 

120-39 

Peroentage of Total ! o.e. 


43-79 


21-42 

S4-79 


100-00 

j" in o.r. 


29-66 

46-97 


I23-48 

100-00 






1970-71 



1. Mining and Madafaoturing 

.. 

#1-67 

10-90 

8-35 

34-86 

7«-82 

68-77 

2. transport 

. . 

16-91 

47-23 

14-63 

1-48 

64-67 

31-87 

3. Bomekio 

« . 

4-07 

27-68 

8-49 

3-83 

36-48 

16-39 

4. Agricultur 

. . 

*, . 

4-51 

1-30 

4-64 

0-06 


3. Commeroial/tioTemment and Others 

•• 

0-30 

6-07 

2-14 

48-60 

11-77 

6-94 

Total 


61-36 

97-19 

29-90 

48-65 

197-19 

129-90 

Percentage of Toral ! in c.e. 


39-63 


23-02 

37-46 


100-09 

J in c.r. 

4 « 

36-414 

49-39 


24-67 

100-00 
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Asnex Table II-2 


Annex Table II-4 



CQNSUMFTIQN Of COMMERCIAL 
‘ly FpEL-WjSfe IN ORIGINAL 


COAL CONSUMPTION MRECT AND* IN¬ 
DIRECT 053^4 HO 1970-71 

(ijCUifl* Xtpma«) 



Year 

Coal in 
imtion 
Tonnea 

Oil in 

MiHim 

Tonnea 

Eleetri- 

oity 

in 

Billion 

kWh 


Year 


Conaumption of Coal 

_ _A_ 




r~ 

Direct 

Power 

StatkHU 

Total 

19S3-54 

f9W>55 


28-70 

28‘i80 

3,66 

3-96 

7- 60 

8- 40 

1953 



28-7 

3-1 

31-8 

1955-S8 


28-80 

4-66 

9-40 

1954 



28--5 

8-3 

31-8 

1B66-67 


30-70 

4-,67 

1-20 

1955 



28-8 

3-7 

,32 - 5 

1957-S8 


W4-'8o 


U-80 

1956 



30-7 

4-0 

34-7 

>4^-69 


36-10 

5-W 

13-20 

1957-68 



34-6 

4-6 

39-2 

1959-60 


35-70 

6-16 

15-40 

1958-59 



36-1 

6-1 

41-2 

1960-61 


40-40 


16-90 

1969-60 



35-7 

6-3 

41-6 

1961-62 


44-10 

7-18 

19-37 

1960-61 



40-4 

6-7 

47-1 

1962-63 


49-10 

6-36 

22-67 

1961-62 



40-2 

7^ 

47-4 

1963-64 

29ii-66 


48-^0 

8-66 

25-21 

1962-63 



49-1 

8-9 

67-1 


48-36' 

9-29 

27-76 

1963-64 



48-6 

9-8 

68-4 

1965-66 


51^80 

9-94 

30-66 

1964-66 



48-2 

12-4 

68-7 

1966-67 


62-30 

10& 

33-21 

1965-66 



51-8 

64-2 

1967-68 


54-60 

11-S8 

36-76 

1966-67 



'62-3 

13-0 

66-3 

1968-69 


63-00 

12-66 

41-46 

1967-68 



54-.5 

lf.7 

69-2 

1969-70 


66-66 

13-86 

45-02 

1968-69 



63 0 

16-4 

68-4 

1910-71 


81-35 

14-96 

48-65 

1969-70 




17-1 

73-7 

WlMliS 




1970-71 



61-4 

17-1 

68-6 


1. CoftI ooiunuiiption fi^rM excluda oiwi lued in power 
fanaretioa. 

a. Oil emmuBMion figuiea exolnda oil uted in power 
genaretion end rewiwy boiler faaL 


An^x Tifele ilM 

ELECTRiaTY GENBRATKIN ANp CON¬ 
SUMPTION (MILLION kWh) (1^53-54 TO 
Annex Table II-3 1970-71) 


TOTAL CONSUMPTION OF COMMERCIAL 
ENEROY FUEL-WISE IN MILLION TON¬ 
NES OF COAL REPLACEMENT 


Year 


Coal 

Oil 

Shobri- 

city 

Total 

1963-64 


28-70 

23-81 

7-60 

60-1 

1964-65 


28-60 

26-77 

>8>40 

62-7 

1966-66 


28-80 

30-30 

9-40 

68-5 

1956-57 


30-70 

31-16 

10-20 

72-2 

1967-58 


34-60 

83-93 

11-80 

80-3 

1958-59 


36-10 

36-13 

13-20 

85-4 

1969-60 


36-70 

40-07 

15-40 

91-2 

1960-61 


40-40 

43-86 

16<W 

101*2 

1961-62 


44.10 

48-61 

19-87 

108-1 

1902-63 


49-10 

04-33 

22-67 

126-2 

1963-64 


48-30 

66-Xl 

26-21 

130-0 

1984-65 


48-20 

60-41 

27-76 

136-4 

1966-66 


61-80 

64-61 

30-56 

147-0 

1968-67 


62-30 

69-07 

83-21 

164-5 

19M-68 


64-50 

73-35 

36-78 

164-6 

1908-69 


58-00 

83-27 

41-40 

170-8 

1989-70 


56-66 

<90-06 

46-^ 

191.7 

1970-71 


61-36 

97-19 

48-05 

I 67 


Sonroewiee Eleotrioity Qenareted 

Tear . . —-« Eleotri- 

Kydal Thamal Nuo- Total oity 

(ooal ft leer oon- 

oi}) anmad 


1953 51 


2,914 

3,783 


6,607 

5,697 

1254-55 


8,237 

4,285 


7,522 

6,253 

1955-56 


8,742 

4,860 


8.592 

7,111 

1966-57 


4,295 

6,307 


0,002 

7,969 

1M7-68 


6,072 

0,297 


11,369 

9,430 

1968-69 


5,848 

7,146 


12,994 

10,719 

1969-60 


7,207 

8,006 


16,033 

12,407 

1960-61 


7,837 

9,100 


16,937 

13,963 

1961-62 


8,814 

9,855 


19,000 

16,448 

1862-03 


U#06 

10,699 


22,364 

18,679 

1968-64 


18,897 

12,861 


26,818 

21,794 

1864-66 


14,790 

14,764 


29,036 

24,219 

1866-66 


16,^5 

17,765 


32,990 

26,736 

1866-67 


16;T84 

19,641 


80,876 

29,128 

l967«68 


16,668 

22,-597 


41,196 

32,737 

1968.69 


W23 

86JiO 


47/438 

37,362 

l869-70 


28,<M6 

S7/m 

1.808 

01.989 

41,062 

970-71 


26.248 

88,102 

3A17 

’66,817 

43,724 














1S2 


Aimex Table m-l 


CX)AL REQUIREMENTS OF THERMAL 
POWER STATIONS (1978-79. 1983-84 AND 
1990-91) 




1978- 

79 

1983- 

84 

1990- 

91 

1. 

Estimated generation of 
electricity (b.kWh) 

134* 

206 

39 

2. 

Hydel contribution (b.kWh) 
Thermal nower to be gene¬ 
rated in bicWh 

48 

76 

185 


86 

130 

257 


4. OoBtribtttion in b. kWb 
(>) frbm Nnolear power ete- 
tknui 


(a) 1020 MW (fiOOO bn/ 


' ' yr) 

(fc) lono MW /««no krsf 

6 

« • 

* • 

M 4$ino MW /Mtto hnf 

-- 

10 

•• 

yrl** 

(it) lignite baaed power 
station 

la) 600 MW (4000 hn/ 



22 

yr) 

(t) 1.000 MW (4,000 hrs/ 

2 



yr) 

(e) 1400 MW (6000 his/ 

• • 

4 

•• 

Coal ^Iwd generation in 

•• 

a a 

7 

b. kWh 

6. Coal requirement in m to¬ 
nnes 

la) Actual consumptian for 
22-6 b. kWh generate 

79 

116 

228 

in 1970-71 ., 

(t) For 66-6 b. kWh addi- 
tioanl power in 1978- 

14-6 

14-6 

14-6 

79@ 0-6 kg/kWh 
(c) For 37-0 b. kWh ^di- 
tional power in 19^-84 

33-9 

33-9 

83-8 

@0-676 kg/kWh 
(d) For 112 b. kWh additio¬ 
nal power to be gene¬ 
rated in 1990-91 @0-66 


21,-3 

21-3 

kg/kWh 

7. Total coal requirement in 

• * 

• * 

61-8 

m. tonnee .. .. 

48-4 

69-7 

Say 

131-3 

8. Addl. requirement on acoo- 
unt for inferior quality 

48 

70 

131 

roal in m. tonnes 

6 

10 

13 

9. Total (m. tonnes of coal) .. 

63 

80 

144 

10. Of 0, supply as middling .. 

6 

12 

21 

11. Eequirement of coal (9-10) 

48 

68 

123 


♦Though the generation reanirement is only 120 b 
fc mi es Draft Fifth Plan, in order to proride 

for the not that energy potential and demand in 
different regions vary widely., 130 b. kWh has 
been taken as the plan for power generation. In 
our calculation this addl. 10 b. kWh has been 
added to the estimates in all the three cases. 

•♦The nuclear power generation programme enrisiMes 
a capacity of 8620 MW to be in operation by 
1980-01. But this lower figure here has been 
assumed to provide a cushion against possible 
short falls ivarious modes of generation. 


Anaa Table 1II-2 

ESTIMATED DEMAND FOR COKING COAL 
AND BLENDABLE COAL IN INDIA UN 
1978-79. 1983-84 AND 1990-91 


(In million tonnes) 



1978. 

79 

1983- 

84 

1990- 

91 

I. Hot metal production 

14-S 

22-8 

36-0 

2. Coke rate per thousand 
tonnee cf hot metal 

0-86 

6-86 

0-86 

8. Sized eeke requirement 




(«) for Iron k Stool Indw- 
tiy «• 

12-e 

19-0 

30-6- 

(b) for enginaering foundry 
and ether industries 

8-0 

4-6 

8-0* 

Total .. 

15-9 

28*6 

88«9 

4. Equivalent gross coke (add 
15% to 3) 

17-25 

27-0 

44-4') 

5. Equivalent dry coal (Add 
83i%tq4) 

28-6 

89-9 

69-0 

6. Baw coking coal 

3-6 

4-0 

6-9 

7. Baw hleudable coal 

1-7 

2-0 

2-0 

8. Washed coking coal .. 

183 

29-6 

49-6 

9. Washed blendable coal 

•• 

0-6 

2-6 

10. Baw coal equiralent of 8 .. 

27-6 

46*0 

79-0 

(Actual of existing washeries 
plus input calculated at 
60% yidd for new waaher- 
iee) 




11^ Baw coal equivalent of 0 


1-0 

4-O'* 

12. Total coking coal (S-f-10) 

80-6 

60-0 

84-ft‘ 

13. Total blendable Co<d (7-f 11) 

1-7 

30 

6-0 

14. Total coal to be produced 
which would be consumed as 
follows ; 

32-3 

63-0 

90-0 

(a) for transformation to 
coke 

22-0 

36-0 

69-0- 

(6) Middlings in power sts- 
tiong 

6-0 

12-0 

21-0 

(c) Bejects etc. .. 

3-8 

6-0 

10-0 
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Annex Xn>l 

EXTRACTS from CHAPTER VI OF THE POWER ECONOMY COMMITTEE STUDY 
GROUP REPORT IV ON RURAL ELECTRIFICATION 

Standardisation of Designs, Specifications of Materials and Equipments and Construction 

Practices. 


A Technical Standards Committee at the nation¬ 
al level under I.S.I. with the collaboration of 
C.W.P.C. and Rural Electrification Corporation, 
and of the manufacture of electrical equipments 
should be formed to work on standardisation 
and implementation of standards for achieving 
national economy. This Technical Standards 
Committee should bring out bulletins and books 
along with drawings and charts on the difierent 
aspects of rural electrification right from its con¬ 
ception to operation and maintenance of the 
completed rural electrification scheme. It should 
provide a standardised procedure and guides for 
the following: — 

1. Investigation survey and system plan¬ 
ning guide for electric distribution sys¬ 
tems in rural areas. 

2. Economic design of primary lines and 
sub-stations for rural distribution 
schemes. 

3. Electric system capacity of earmarked 
rural areas for intensive and integrated 
developments. 

4. Standards for the preparation of circuit 
diagrams and electrical data sheets. 

5. Construction work plans for rural 
schemes. 

6. Single-phase designs and guide for de¬ 
sign and selection of single-phase and 
three-phase systems for rural electrifi¬ 
cation schemes and comparative econo¬ 
mic studies. 

7. Guide for conversion of single-phase 
into three phase systems. 

8. Guide for economic selection of trans¬ 
former size. 

9. Specification drawings of wood pole 
lines and its construction. 

10. Specification and drawings for U kV 
line construction. 

11. Specification and drawings for 11 kV 
and 400 volt line (HT/LT) construction. 

12. Specification and drawings for 66, 33 Sc 
22 kV line construction. 

13. Specification and drawings for 66/33/ 
22/11 kV sub-station construction and 
methods for determination of capacity 
and economic size of transformers. 

14. Specification of line construction con¬ 
tracts. 

15. Specification of sub-station construction 
contracts. 

L/P(D)l90MofBnergy—11 


16. Guide for engineers for checking line 
and sub-station contracts. 

17. Guide for making an operation and 
maintenance survey of transmission and 
distribution systems. 

18. Guide for repairs of distribution trans¬ 
formers, switches, meters, etc. 

19. Guide for voltage and current measure¬ 
ment on rural distribution system. 

20. Guide for energy meters. 

21. Guide for pole numbering and mainte¬ 
nance. 

22. Guide for complete engineering, design 
and construction of rural electrification 
schemes. 

23. Guide for design of civil construction 
works for different types of soils and 
rocky areas. 

24. Guide for design and construction of 
service lines to consumer installations. 

Some of the specific suggestions concerning cer¬ 
tain major aspects of designs which could econo¬ 
mise in the rural electrification schemes are noted 
hereafter: 

I. RURAL LINES 

(a) Supports 

The type of supports used for the rural lines 
varies from State to State, PCC, RCC, steel 
structural section, second hand rails poles, wood 
poles, jointed wood poles, fabricated poles etc. 
are used according to the availability. It is high 
time that one or two types which are most eco¬ 
nomical are adopted and should be easily made 
available. 

(b) Spans 

.It is, therefore, recommended that the 

maximum possible span, say. upto 130 metres, 
in all the areas should be employed as far as 
practicable. 

(c) Conductros 

.Only economic standard sizes of ACSR 

after proper system study and optimisation should 
be adopted. 

(d) Insulators and Fittings 

.research and experiments may be con¬ 
ducted to evolve a most econcmical type of in¬ 
sulator for rural areas......11 kV pin insu¬ 

lators with 540 kg. failing load as per IS would 
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suffice. As regards disc insulators, insulators with 
minimum strength of 4500 kg as per IS specifi¬ 
cation would be sufiadent. 

(e) and Others. 

II. 11/0.4 kV SUB-STATION 

The following suggestions are made in this 
regard: 

(a) Some State Electricity Boards are using 

economical type of gang-operating 
switches. These switches are at present 
being made for a rating of 200 amperes. 
The full load current of a 100 kVA 
transformer at 11 kV is about 5.5 
amperes; of course, the fault current will 
be much higher. The State Elec¬ 

tricity Boards may install some percent¬ 
age of the sub-stations with the simpli¬ 
fied gang-operating switches as above 
and gain experience. The method can 
then be further extended. 

(b) Omission of 11 kV lightning arresters 
from transformers, sub-stations upto 50 


kVA in all the regions and upto 100 
KVA in areas with low isoceraunic 
level. Instead arresters may be installed 
only at strategic points. 

(c) Use of transformers with low iron loss 
and high copper loss. This will help in 
keeping the losses low as the load factor 
is very low in rural areas. 

(d) .it was decided that the use of 

25 kVA 50/63 kVA and 100 kVA 
transformers should be standardised as 
this would help in considerable reduc¬ 
tion of manufacturing costs. 

(e) Installation of transformers of capacities 
to match with the anticipated loads in 
only the next 2 to 3 years and avoiding 
installation of large capacity transfor¬ 
mers as far as possible. 

(f) The low tension switch should be install¬ 
ed on the sub-station structure itself to 
economise on the length of low tension 
cables. 
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Technical Note 11(1) 
(Referred to in Chapter II) 


NOTE ON CONVERSION FACTORS USED 

SURES 

The Energy Survey of India Committee keep¬ 
ing in view the particular problems of the Indian 
energy economy adopted the coal replacement 
method (also known as the total substitution 
method) by which each type or source of energy 
is measured in terms of the coal it replaces, when 
both ,the original source and the coal are used 
in appliances or equipment, and with the thermal 
efficiencies that are likely to be used in practice. 
The methodology used by the Energy Survey 
Committee for determining conversion factors of 
oil and electricity, the reasons for their adoption 
i'nd the assumptions involved therein are exten¬ 
sively discussed by them on pages 322—329 of 
their Report vide Annex 5. 

2. Briefly, (a) one tonne of coal is taken as 
one tonne of coal irrespective of its calorific 
value; (b) in the case of oil products— 

(i) the cooking efficiency of kerosene is cal¬ 
culated on the assumption that calorific 
value is 11,000 kcal per kg and thermal 
efficiency is 51 per cent; as soft coke is 
assumed to have a calorific value of 
5770 kcal per kg its thermal efficiency 
in an oven is 18 per cent. One unit of 
kerosene can replace 5.7 units of soft 
coke; as each unit of soft coke is pro¬ 
duced from 1.5 units of coal to be pro¬ 
duced, the coal replacement value of 
kerosene is 8.3; 

(ii) in the case of HSDO, the actual perfor¬ 
mance of the Indian Railways in 1960- 
61 showed that for moving a unit of 
goods in the Indian Railways, the coal 
required is 9 times the diesel required. 
Based on this, the Energy Survey Com¬ 
mittee has used a coal replacement 
ratio of 9 for HSDO and lEC. The Re¬ 
port of the Expert Committee on Coal 
Consumption in Railways in 1953 esti¬ 
mated the varying ratios of coal con¬ 
sumption in steam locomotives to oil 
consumption in diesel locomotives to be 
8:1. The recent statistical information 
of the coal and diesel consumed in the 
Indian Railways indicates that this ratio 
may be more than 9:1. However, the 
Fuel Policy Committee for the sake of 
continuity retained the use of 9:1 is 
the coal replacement for HSDO, EDO 
goes into different uses where the rela¬ 
tive efficiencies vary widely. However, 
the coal replacement ratio of 9 for LDO 
adopted by the Energy Survey Commit¬ 
tee has been retained; 

(iii) in the case of fuel oil, the efficiency of 
use in the furnaces is the same whether 
the fuel oil or coal is used. The calori¬ 
fic value of coal is taken as 5000 kcaj 


FOR AGGREGATION OF ENRGY MEA- 

per kg and that of fuel oil as 10,000 kcal 
per kg. The coal replacement ratio for 
fuel oil is taken as 2. 

(c) in the case of electricity, the coal replace¬ 
ment has been measured by the Energy Survey 
Committee in terms of the total value of coal 
and oil used in thermal power stations in terms 
of one unit of electricity to be sold. In other 
words, the auxiliary consumption add transmis¬ 
sion losses are .accounted for in coal replace¬ 
ment measure (pages 3 to 7 of the Energy Survey 
Committee Report). It may be argued that the 
coal replacement measure should be calculated 
with reference to the energy generated but the 
Committee felt that the concept established by 
the Energy Survey Committee can be continued. 
Based on this, the coal replacement measures for 
electricity of one kg per kWh, one million tonnes 
of coal for one billion kWh of thermal energy 
has been assumed. This slightly improves over 
times as indicated in the Table below;— 




1971-72 

(actual) 

1978- 

79 

1983- 

84 

1990- 

91 

l. 

Total energy gene¬ 
rated by steam 
power stations 

(b. kWh) 

31-24 

74 

116 

224 

2. 

Consumption by 
auxiliaries and losses 
in transmission etc. 
(b. kWh) 

8-22 

10-2 

24-4 

47-6 

3. 

Net energy con¬ 
sumed (b. kWh) 

J3'02 

67-8 

90-6 

176-6 

4. 

Total consumption 
of ooal and lignite 
(m. tonnes) 

19-20 

60 

76 

139 

6. 

Oil consumption in 
terms of ooal re- 
placement (m. to¬ 
nnes) 

2-64 

2-96 

4-60 

8-96 

6. 

Total ooal con¬ 
sumption (m to¬ 
nnes) 

21-84 

62-96 

80-60 

147-96 

7. 

Coal consumption 
per kWh of energy 
consumed 

0-946 

0-916 

0-890 

0-840 


Note:—For •the years 1978-79,4983-84 tafl 1999-91, oonsamp- 
tion of oil in thermal Power Stations has been aasumed a« 
O'02 kg per k''^ of energy generated keeping in view that the 
Thermal Power Stations in future would operate at greater 
efiaciencies and higher plant factor thereby rednoing the oil 
consumption which is required for flame stabilization when 
plants are operated at lower load factors. The committee 
has adopted l-OO kg ooal consumed per kWh of energy uti¬ 
lised for the sake of continnity. 

In the case of non-commercial energy, the 
amounts of each non-commercial fuel required 
to replace a tonne of coke and the amount of 
coal required to make that coke, the ratios were 
arrived at by the Energy Survey Committee with 
data furnished by the C.F.R.I. The ratios are as 
follows; 
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tonne of soft coke ,. requires for manufacture 
ooke-1-50 tonnes of coal, 

1 tonne of dried dung replaces 0-27 tonnes of soft 

ooke-0-40 tonnes of coal. 

1 tonne of firewood .. replaces 0-0‘66 tonnes of soft 
ooke-0'96 tonnes of coal. 

1 tonne of waste prodn- replaces 0-63 tonnes of soft 
ots coke-0-95 tonnes of coal. 


Technical Note 11(2) 

(Referred to in Chapter II) 

NOTES ON REGRESSION MODELS RELAT¬ 
ING ENERGY REQUIREMENTS TO VA¬ 
RIOUS EXPLANATORY VARIABLES 

1 Dependent Variables 

1. Energy from Cbal consumption for energy 
(mtcr). 

2. Oil consumption for energy (mtcr). 

3. Electricity (mtcr), and 

4. Total commercial energy (mtcr). 

2. Explanatory Variables 

1. National income (’00 crores). 

2. Income from Mining and Manufacturing 
(’00 crows), 

3. Index of Industrial Production. 

3. The Models 

Linear regression models relating each of the 
dependent variables to each of the explanatory 
variables were developed, and regressed for the 
year 1953-54 through 1970-71. A set of log linear 
models was also developed. 


s. 

No, 

Dependant 

variable 

Indepen¬ 

dent 

variable 

Linear Model 

1. 

Coal 

National Income Y—7-6400-f0-3694X 

2. 

Oil 


Y—d63376+0-8487X 

3. 

Electricity 

•* 

Y—46-3376+ 0-4994X 

4. 

Cotnmerrifil Ene¬ 
rgy 


Y—H9-ie36-fl*7071X 

1. 

Ooal| 

. Inccmej 
from 
Mining 
& Menu 
factu- 
ring 

Y-7-SS{.241-f67PX 

2.| OiI| 

It 

Y-252314+3-4S89X 

3. 

Electricity 

ft 

Y—22-8606+2 - 0.'>79X 

4. 

Total Commercial 



Energy 

ff 

Y--40-6464+ 7.1127X 


S. Dependant 

No. variable 

Indepen¬ 

dent 

variable 

Linear Model 

1, Coal 

Index of 
of Indus- 
trial pro¬ 
duction 

Y—13-066.'5+0-2612X 

2. Oil 

#» 

Y—I4-8408+0-8006X 

3. Electricity ,, 

*> 

Y—16-6603 +0-3537X 

4. Total Commer¬ 
cial Energy .. 

t» 

Y—18-4128 + I-2162X 

4. The Results 





The results from the linear models are 
tabulated below:— 

briefly 

Dependent variable 

Indepen¬ 

dent 

variable 

Square Standard Durbin- 
of Error Watson 

linear S Stats- 

Cor. ties 

Coeif, 

(r2) 

). Coal 

National 

Income 

•877 

■0336 

1-236 

2. Oil 

» 

•973 

•0352 

1-671 

3. Electricity ., 

ft 

•966 

•0233 

M71 

4. Total Commercial 
Energy 

ft 

•976 

■0679 

1'998 

1. Coal 

Income 

from 

Mining 

and 

Manu¬ 

facturing 

•966 

•0848 

1-846 

2. Oil 

t* 

•941 

1-291 

0-344 

3. Electricity ., 

S> 

•939 

•1318 

0-280 

4. Total Commercial 
Energy 

ft 

■969 

•3204 

0-464 

t. Coal .. 

Index of -924 

Industrial 

Produc¬ 

tion 

•0188 

1-224 

2. Oil 

tf 

■971 

■0260 

0-388 

3. Electricity 

tt 

■966 

•0166 

0-389 

4. Total Commerioal 
Energy 


•986 

•0378 

0-743 


Since results with linear models were consider¬ 
ed better (in terms of r*) than the results with 
log-linear model, the log-linear results have not 
been presented. Some multiple regressions using 
tional income, population and index of indus¬ 
trial production were also attempted. While these 
models explained the past, trends slightly better; 
these could not be used for projection purposes 
in view of lack of reliable infonjiatipn op inter¬ 
sectoral growth rates, 
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Technical Note VIII(l) 

REFINING CAPACITY. HYDRCX:RACKING 
CAPAaXY AND FERTILIZER FEED¬ 
STOCK CHOICES: A MATHEMATICAL 
PROGRAMMING APPROACH 

Programming Approach 

Our approach to the problem of investment 
planning for petroleum industry has been to con¬ 
sider the feedstock choices, locational alternatives 
and refining process flexibilities simultaneously 
lining a Mathematical Programming Model. The 
optimisation approach is broadly outlined below: 

Given the spatial pattern of demand for pet¬ 
roleum products and nitrogenous fertilizers, the 
approach focusses attention on the following 
points: 

(a) To determine the optimum level of re¬ 
fining capacity that ought to be estab¬ 
lished in the country. Also, to indicate 
the foreign exchange implications and 
community trade pattern under various 
alternatives open to the economy. 

(b) To suggest the optimum regional distri¬ 
bution of refining capacity and quantify 
the impact of locational decisions. 

(c) To indicate how the limited technologi¬ 
cal flexibility in refining operations 
could be increased by considering the 
addition of hydrocracking capacity at 
existing refineries as well as new loca¬ 
tions. 

(d) To bring out the inter-dependence of 
investment and operating decisions in 
the petroleum industry and the nitro¬ 
genous fertilizers industry. More specifi¬ 
cally, to find out the best technological 
mix for the fertilizer industry indicating 
what proportion of nitrogen output be 
based on each of the available feed¬ 
stock. 

MATHEMATICAL PROGRAMMING MODEL 

Various formulations of this programming 
approach have been considered.' Realistic consi¬ 
derations regarding the spatial aspects of the 
problem have increased the dimensions to about 
325 constraints and 2800 choice variables. Be¬ 
cause of computational reasons, the Linear Pro¬ 
gramming version has been used for empirical 
estimates. 

Various activities of the linear Programming 
Version are : Imports of petroleum products 
refining of crude to yield various products 
(Xit), transportation of these products from re¬ 
fineries to demand points exports of pro¬ 
ducts (B’^ip), crude imports indigenous 

crude transportation (ffd). Hydrocracking of 
heavier fractions (Zi*'**), production of nitroge¬ 
nous fertilizers (Zia'^) and transport of these 


fertilizers from plants demand points (Xfob). 
Each one of these activities has a corresponding 
cost parameter. The level at which each of these 
^ct^vities ^qpldppprgifq^is determined by mini- 
misiiig the sum of costs subject to the following 
constraints 

Petroleum Products Requirements, Fertilizer 
Demand, Fertilizer Demand and Supply 
Balances, Refinery Product Balances, 
Crude Demand and Supply Balances, 
Indigenous Crude ‘ availability. Port 
Capacity Constraints and the Non-nega¬ 
tivity Constraints. 

The mathematical formulation of the model, 
along with variables and parameters can be pre¬ 
sented as below:— 

There are :— 


K 

Petroleum product 

k=l,2.. 

....K(6) 

3 

demand points for petroleum 
products .. 

j=l,2.... 

. .3(11) 

V 

Forts for imports 

p=1.2... 

...P(10) 

I 

refineries 

i=l,2.... 

..1(13) 

s 

sources of indigenous crude ., 

s=l,2.... 

..S(2) 

A 

supply locations for nitrogenious 
fertilifizcr 

a=I,2..., 

,..A(31) 

E 

techniques available for production 
of nitrogenous fertilizers 

r=l,2... 

...R(3) 

B 

demand points for nitrogenous 
fertile izers 

b=l,2... 

...B(30) 


(Small letters denote parameters; Capital letters denote varia¬ 
bles) 


AND 

, denotes, for the kth product, the o.i.f. price 
y^.| plus transport cost per unit from pth port to 
PJ ^ jth demand point. 

„k is quantity of kWh product imported at pth port 
■“pj and transported to jth demand point. 

c. is the unit refining cost, mclusive of capital 
' obqrffBB, for ith refinery. 

•*■1 is quanfity of crude processed at ith refinery. 

. k is unit transport cost for kth product from ith 

*ij refinery to jth demand point. 

_k is quantity of kth product shipped from ith 
refinery to jth demand point. 

is the profit (negative cost) for exporting kth 
”ip product from ith refinery throu^ port p. 

nk is quantity exported from ith lathery of kth 
“ip product through port p. 

C. is C.I.F. import price of crude at pth port plus 
™ transport cost firom pth port to ith refiners 
per unit. 

F . is mantity flf croda Imported at 1th refinery 
P* twoogh port p, 

q . is unit transport cost for crude from sth source 
to ith refinery. 

Ggj is quantity of crude shipped from s to I. 

hj jS unit cost of hydro-cracking. 

. . is the quantity of heavier fraction (kth product) 
X.“ used as charge into the hydrocraoker at re- 
’ finery i. 

, is the per tonne cost of producing nitrogenous 
C“ fertilizers (in terms of nutrient N) at location 
alusing rth technique. 
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f i« quantity ^ N produced at looatioa. ^.getting 
Xj raw materials from refinery i and using the 
teobniqne r. 

r unit cost of transport of N fertilizers from location 
a to demand point b corrected for difference 
ofi material. 

_f quantity of N-fertilisers transited from 
■*'ab supply location a to demand point b’ 
k is quantity ctffctb petroleum product required at 
jth demand point, 

n. is the quantity of N required at fertilizer demand 
point b. 

is the yield ooeffioient of kth petroleum product 
a. at ith refinery (i.e., it denotes the proportion 

* f kth product per unit of crude processed at 

refinery i). 


is the quantity of naphtha required per tonne 
Q. of N for production technique r at supply 
location a using naphtha from ith refinery. 

■ is yield ooeffioient for kth product per unit of 
b^ feed used in the hydro-cracker at ith re¬ 
finery. 

is the quantity of fuel oil required per tonne of 
N for production teohuiqne rat supply loca¬ 
tion a using fuel oil from ith refinery. 

is the quantity of crude Produced at indigenous 
°s source location s. 

is the coefficient representing requirement of 
h. heavy-stock per unit of hydro-cracking feed- 

stook. 
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OBJECTIVE EUNCTIOlsr 


p,j,k i i,jjc ■ -’■ 

^ (f^ xi + tK xl 

/ , a %a / ^ ah ah 


a,T 

CONSTRAINTS 

1 . 


Petroleum Products Requirement y > X^.. 

R? ^ n 


rj for all J & k 


2. Fertilizer Demand 

2 ^^ 

a 

for all b 

3. Fertilizer Demand and Supply 

2^2 - 2 ^^ 

i,a b 

'^0 for all a 

4. Fertinery Products Balances : 

(a) k=»l 

NAPHTHA, 

(b) k= 2 3 

KS, HSDO, 

(0) k c= 5 

FO 

\ 

2 “'^‘'' 2 -'«“ 2 ''->'' 2’'2 

5 P r 

4 ^ af Xf — — + 5* X^ 

2 “ - 2^1 - 2 
j p 

Xg-f b^xf ;? 0 for alii 

Ofor all i 

-if xf / 0 for M i 

5. Crude Demand and Supply Balances — i.- + / X. + x 0 ■ 

p « 

\? 0 for all i 

6. Indigenous Grade Availability 

- 2 ”" 

• 

P Hg for M » 

7. Non-Negativity aonstraints 

X. X^. F . 0 . X^ X'f xK 

PJ, » y, tp, P», « », »a, ttb 

P 0 for all p, j, k, 
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